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Summary
The f i r s t  example o f  a s u c c e s s fu l  p a ra -C la is e n  re a r ra n g e ­
ment o f a  1 , 1 -d im e th y la lly l  a r y l  e th e r  has been  r e a l i s e d .
The rea rran g em en t p ro d u c t, a n a tu r a l  coum arin, on m e th y la tio n  
gave a n o th e r  n a tu r a l  coum arin, fu ro p in n a r in .
A te c h n iq u e  f o r  th e  fo rm atio n  o f  2 - is o p ro p e n y lfu ra n s , 
u n u su a l amongst th e  furanocoum arins^has been developed  v i a  th e  
co u p lin g  o f th e  a p p ro p r ia te  cuprous a c e ty l id e  w ith  an o r th o  
io d o p h en o l. By u t i l i s a t i o n  o f t h i s  te ch n iq u e  a number o f
i
approaches to  th e  n a tu r a l  2 -iso p ro p e n y lfu ra n o c o u m a rin s , 
h o r t io lo n e  and h o rtio n o n e , have been in v e s t ig a te d  and th e  
n a tu r a l  p ro d u c t o ro se lo n e  s y n th e s is e d .
A s y n th e s is  o f  th e  coum arin, c i s - a v ic e n n o l ,  r e c e n t ly  
i s o la te d  from Zanthoxylum e le p h a n t ia s is  has been  a tte m p te d .
The a n g u la r  t r i c y c l i c  framework o f t h i s  m olecule was r e a d i ly  
p re p a re d  and th e  e la b o ra t io n  o f  th e  c i s -3 -m e th y l-3-hydroxybu t-
1 -en y l s id e  c h a in  v ia  a cuprous a c e ty l id e  co u p lin g  in v e s t ig a te d .
The n a tu r a l ly  o c c u rr in g  coum arins v a g in o l and v a g in id io l  
have been p o s tu la te d  as p o s s ib le  in te rm e d ia te s  in  th e  b io ­
s y n th e s is  o f  th e  a n g u la r  fu ranocoum arin s. S y n th eses  o f th e se  
compounds would be very  v a lu a b le  in  t h a t  t h i s  would allow  fe e d in g  
experim en ts  to  be done in  o rd e r t h a t  th e  a c tu a l  r o le  o f  th e se  
compounds be c l a r i f i e d .  A number o f s y n th e t ic  approaches have 
th u s  been in v e s t ig a te d .
In tro d u c t io n
A S h o r t Review o f  th e  C hem istry  o f th e  5 .7 -D ioxvgenated  Coumarins 
and th e  B io g e n es is  o f th e  Furanocoum arins.
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( 1)
CH
(4)
(3)
(5)
The p o s i t i o n  o f th e  coum arins in  th e  f i e l d  o f n a tu r a l  p ro d u c t
c h e m is try  i s  w e ll  e s ta b l i s h e d ,  f o r  i t  was over a ce n tu ry  and a
h a l f  ago t h a t  V ogel is o la te d ^  th e  s im p le s t member o f  th e  c l a s s ,
coum arin ( l )  from th e  to n k a  bean , Coumarouna o d o ra ta  = D io te ry x
o d o ra ta . S in c e  th e n  a g r e a t  number o f i t s  d e r iv a t iv e s  have been
2-5shown to  occur w idely  th ro u g h o u t th e  p la n t  kingdom as  w e ll  as
6 7 5i n  c e r t a in  an im als and m icro -o rgan ism s . R e c e n tly , im provements
i n  th e  te c h n iq u e s  o f  i s o l a t i o n  and s t r u c t u r a l  a n a ly s is  have le d  to
a g r e a t  in c re a s e  in  th e  number o f known n a tu r a l  coum arins. Dean,
in  1963^ r e p o r te d  t h a t  around n in e ty  were known, w h i ls t  th e  most
r e c e n t  rev iew  ( in  1978) l i s t s  over f iv e  hundred and a c u r r e n t
e s tim a te  must ru n  to  w e ll over seven hundred .
A co n v en ien t c l a s s i f i c a t i o n  o f  coum arins i s  based  upon th e  
oxygenation  p a t te r n  o f  th e  coum arin nu c leu s  (1 ) and a l l  s ix  
p o s s ib le  s i t e s  o f  oxygenation  a re  re p re s e n te d  in  n a tu re .  These 
oxygen fu n c tio n s  may be p re s e n t  as p h en o ls , e th e r s  o r as g ly c o s id e s .  
The p re sen ce  o f  iso p re n o id  ch a in s  o f  one, two o r th re e  u n i t s ,  
a t ta c h e d  to  carb o n , oxygen o r to  bo th  a re  a ls o  common f e a tu r e s .  
A lthough coum arin ( l )  i s  th e  s im p le s t  r e p r e s e n ta t iv e  o f i t s  c la s s  
i t  i s  r e a l l y  a ty p ic a l ,  as i t  la c k s  an oxygen a t  C -7. Only t h i r t y  
o r so o f  th e  known n a tu r a l  coum arins la c k  oxygenation  a t  t h i s  
p o s i t io n  ( e .g .  ( 2) ,  ( 3) and (4 ))  and th u s  i t  i s  b e s t  to  c o n s id e r  
u m b e llife ro n e , 7-hydroxycoum arin (5) as th e  p a re n t  compound.
I t  i s  th e  in t e n t io n  to  p re s e n t  h e re  a s h o r t  rev iew  o f some o f th e  
c h em is try  o f th o se  5 ,7 -d io x y g en a ted  coum arins u n s u b s t i tu te d  in  th e
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(44)
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( 11)
(13)
la c to n e  r in g  (Scheme 1 l i s t s  a l l  th o se  known to  d a t e ) . A r e c e n t  
rev iew  by M urray c o n ta in s  le a d in g  r e fe re n c e s  t o  th e  m a jo r i ty  o f 
th e s e  compounds.
X a n th o x y le tin  (44) was th e  f i r s t  o f  t h i s  s e r i e s  to  be
i s o la te d ^  ( i n  1829) b u t u n t i l  1960 on ly  e lev en  o th e rs  were known.
The r e c e n t  g r e a t  in c re a s e  i s  ag a in  a r e f l e c t i o n  o f  th e  more r e f in e d
modern te c h n iq u e s  f o r  i s o l a t i o n  and s t r u c t u r a l  d e te rm in a tio n . In
th e  m ain, each compound has been found in  on ly  one p la n t  so u rce
though a few such as  b e rg a p te n  (15) have been i s o la te d  from 
3
s e v e ra l  . Most commonly th e  5 ,7 -d io x y g en a ted  coum arins a re  found 
i n  th e  p la n t  o rd e rs  U m b e llife ra e , th e  A ngelica  sp e c ie s  a re  
p a r t i c u l a r l y  w e ll  r e p re s e n te d  and th e  R u taceae o f which th e  C it ru s  
group p red o m in a te s . I t  i s  i n t e r e s t i n g  to  n o te  t h a t  in  any one 
p la n t  so u rc e , o f te n  s t r u c t u r a l l y  r e l a t e d  compounds c o - e x i s t .  In  
T o d d a lia  a c u le a ta  ^ (1 1 ) ,  (12) and (13) a re  a l l  p re s e n t  and i t  i s  
tem p tin g  to  p o s tu la te  t h a t  p ro g re s s iv e  enzym atic e la b o ra t io n  o f 
th e  3 j 3—d im e th y la l ly l  s id e  ch a in  may le a d  from th e  s im p le s t to  th e  
m ost complex member o f t h i s  s e r i e s .  (The b io g e n e s is  o f th e
5 ,7 -d io x y g en a ted  coum arins and in  p a r t i c u l a r  th e  fu ranocoum arins 
w i l l  be d is c u s s e d  s h o r t l y ) .
S e v e ra l common s t r u c t u r a l  f e a tu re s  can be r e a d i ly  seen from 
Scheme 1. Many o f  th e  compounds c a r ry  an iso p re n e  d e r iv e d  u n i t  
on n u c le a r  carbon  o r as  an e th e r ,  though in  most cases  th e  3 ,3 -  
d im e th y la l ly l  group has been f u r th e r  e la b o ra te d  in  some way. 
O x id a tio n  o f t h i s  m oiety  i s  n o tic a b ly  p rom inen t, w ith  ep o x id es ,
( 66) (79)
(67) (68)
(42)
7.
k e to n e s , a lc h o ls  and g ly c o ls  a l l  in  e v id e n c e . The a lc h o l ic  
fu n c tio n s  may be p re s e n t  as e th e r s ,  e s t e r s  or as  g ly c o s id e s . 
C y c l is a t io n  to  fu ra n s ,  chromenes e t c i s  a l s o  commonly o b served . 
Coumarins c o n ta in in g  an u n s u b s t i tu te d  fu ra n  r in g  a re  p a r t i c u l a r ly  
im p o rta n t, as a lm ost h a l f  th e  known 5 ,7 -d io x y g e n a te d  coum arins 
p o sse ss  t h i s  f e a tu r e .  I t  w i l l  be observed  th a t  th e  v a s t  m a jo r ity  
o f th e se  a re  l i n e a r  fu ra n s ,  indeed  on ly  th re e  a n g u la r  fu ranocoum arins 
have to  d a te  been re p o r te d  in  t h i s  c l a s s .  An ex ceed in g ly  r a r e  
f u n c t io n a l i ty  i s  a ls o  e x h ib i te d  by th e  5 ,7 -d io x y g en a ted  coum arins, 
t h a t  b e in g  a fu ra n  s u b s t i tu t e d  in  th e  2 -p o s i t io n  w ith  an i s o -  
p ro p en y l group e .g .  (65) and (6 6 ) .  Only one o th e r  such fu ra n o -  
coum arin i s  known, o ro se lo n e  (7 9 ) .  D ihydro fu rans ( e .g .  (6 7  and 
(68) a re  more commonly 2 - s u b s t i tu te d .  C y c l is a t io n  in  a d i f f e r e n t  
manner le a d s  to  th e  chromenes and chrom anones. In  a l e s s e r  number 
o f  c a se s  a  1 ,1 -d im e th y la lly l  s id e  ch a in  i s  a ls o  p re s e n t  though 
n ev er a s  an e th e r  o r in  a f u r th e r  m od ified  form . P erhaps t h i s  
r e f l e c t s  a r a d ic a l l y  d i f f e r e n t  b io g e n e tic  i n s e r t i o n  to  t h a t  o f th e  
3 ,3 - d im e th y la l ly l  u n i t .  A lso observed  a re  g e ra n y l e th e r s ,  ag a in  
in  v a r io u s  deg rees o f o x id a tio n  and c y c l i s a t i o n .  Most no tew orthy  
a re  th e  b ru c e o ls  (39) -  (42 ) ,  w hich c o n ta in  te n  carbon t r i c y c l i c  
system s presum ably  o f  is o p re n o id  o r ig in .  I t  w i l l  now be c le a r  
from t h i s  s h o r t  d is c u s s io n  and a p e ru s a l  o f  Scheme 1, t h a t  th e
5 ,7 -d io x y g en a ted  coum arins e x h ib i t  a g re a t  d iv e r s i ty  o f  s t r u c t u r a l  
ty p e s  from on ly  a few sim ple b u i ld in g  b lo c k s .
A lthough i t  i s  o u tw ith  th e  scope o f t h i s  rev iew  to  d isc u ss
H'
8.
in  any d e t a i l  th e  c h em is try  o f  th e  5 ,7 -d io x y g e n a te d  coum arins 
s u b s t i tu t e d  in  th e  la c to n e  r in g ,  th e  more im p o rtan t and i n t e r ­
e s t in g  o f  th e s e  c la s s e s  sho u ld  be m entioned .
The most w idely  known a re  perhaps th e  h ig h ly  c a rc in o g e n ic
g
l i v e r  p o is o n s , th e  a f la to x in s  o f  which a  dozen o r so have been
»' Q
i s o l a t e d .  Buchi has p u b lish e d  e le g a n t sy n th e se s  o f a f la to x in s  
B (8 0 ) ,  G (81) and M (8 2 ) .  Of no l e s s e r  im portance a re  th e  
4 - a lk y l  coum arins which number around t h i r t y  f iv e ,  th e  m a jo r ity  
o f w hich have been i s o l a t e d ^  from th e  West In d ia n  t r e e  
Mammea am erican a . The c o n s id e ra b le  r e c e n t  i n t e r e s t  in  th e se  
compounds a r i s e s  from t h e i r  e x c i t in g  b io lo g ic a l  p o t e n t i a l .
Mammein ( 83) has  s i g n i f i c a n t  an titu m o r a c t i v i t y  a g a in s t  Sarcoma
13 1280 , w h i ls t  ( 84) and (85) have shown i n s e c t i c i d a l  p r o p e r t i e s
14 15h o t s u p r is in g ly  much s y n th e t ic  endeavour ? has been d i r e c te d
tow ard  th e  4 - a lk y l  coum arins, though w ith  l i t t l e  su ccess  to  d a te .
The co rre sp o n d in g  4 - a r y l  s e r i e s  i s  a ls o  w e ll known, w ith  Mammea 
16 17am ericana ’ ag a in  th e  p r in c ip a l  so u rce . Compounds (86) and 
(87) a re  r e p r e s e n ta t iv e  exam ples o f t h i s  c la s s  o f  some tw en ty  two 
cou m arin s .
The p h y s io lo g ic a l  beh av io u r o f th e  n a tu r a l  coum arins i s  one 
o f  th e  most d iv e rs e  and w idely  s tu d ie d  o f t h e i r  p r o p e r t i e s . Many 
p ap ers  appear every  month on th e  s u b je c t  o f coum arin b io lo g ic a l  
a c t i v i t y ,  though w ith  th e  ex ce p tio n  o f th e  sk in  p h o to s e n s i t i s a t io n  
o f th e  fu ranocoum arin s, which w i l l  be d isc u sse d  s h o r t ly ,  l i t t l e  i s  
known abou t th e  u n d e rly in g  modes of a c t io n .  S e v e ra l e x c e l le n t
(88) (89)
(14), R = H
(15),  R=CH
'C H
(90)
3
li
(18) (33)
9 .
2 3 18 19rev ie w s a re  a v a i la b le  on th e  s u b je c t  i  } 1 . These p r o p e r t ie s
20ran g e  from  th e  c o n tra c e p t iv e  a c t i v i t y  o f p s o ra le n  (8 8 ), th rough
th e  a n t ic o a g u la n t  b eh av io u r o f th e  r a t  p o iso n  w a r fa r in  ( 89) ,  to
13th e  a n titu m o r a c t i v i t y  o f  th e  4 - a lk y l  coum arins. The 5 ,7 -  
d io x y g en a ted  coum arins a re  amongst th e  l e a s t  s tu d ie d , b u t re g a rd ­
l e s s  o f t h i s ,  a c o n s id e ra b le  range o f  a c t io n  has been d isc o v e re d .
I t  has been known f o r  many y e a rs  t h a t  c o n ta c t  o f th e  sk in  w ith
th e  ju ic e s  o f  c e r t a in  p la n t s  ( e . g .  p a r s le y  o r f ig s )  fo llo w ed  by
exposure to  s u n l ig h t  can le a d  to  p ig m en ta tio n  and b l i s t e r i n g  o f
th e  s k in .  T h is  e f f e c t  has been used  c l i n i c a l l y  f o r  th e  tre a tm e n t
21o f  th e  s k in  d is e a s e s ,  leucoderm a and p s o r ia s i s  . Wo such
e f f e c t s  a re  observed  in  th e  absence o f  l i g h t .  In  th e  1930’ s
3
th e s e  e f f e c t s  were d u p lic a te d  by th e  d i r e c t  a p p l ic a t io n  o f  th e  
fu ranocoum arins p s o ra le n  (8 8 ) , b e rg ap ten  (15) and x a n th o to x in  
(90) to  th e  s k in  and i t  soon became c le a r  t h a t  fu ranocoum arins 
were th e  a c t iv e  ag en ts  in  p la n t s .  S in ce  t h a t  tim e much work 
has e lu c id a te d  th e  e s s e n t i a l  f e a tu r e s  o f t h i s  p ro c e s s .  The 
maximum a c t i v i t y  i s  a s s o c ia te d  w ith  p so ra le n  (8 8 ) .  Sub­
s t i t u t i o n  o f th e  arom atic  n u c leu s  w ith  a C-5 hydroxy l ( e .g .  
b e rg a p to l  ( 14))  removes a l l  a c t i v i t y .  The co rresp o n d in g  m ethyl 
e th e r ,  b e rg a p te n  (1 5 ) , however i s  second only  to  p s o ra le n  in  
p h o to s e n s i t i s in g  a b i l i t y .  Replacem ent o f t h i s  m ethyl e th e r  
by in c re a s in g ly  bu lky  s u b s t i tu e n ts  d im in ish es  th e  a c t i v i t y .
( - ) -O xypeucidanin  ( 18) has only  very  s l i g h t  a c t i v i t y  w h ile  
o s t r u th o l  (33) has no p h o to s e n s i t i s in g  p r o p e r t i e s .  A l i n e a r
(15) (91)(57)
F ig u re  1
a 2 . 3 - photoadduct a 3,4-pdotoadduct
H t f
t  >
a 2, 3 - 3 , 4  - 
photoadduct
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fu r a n  system  i s  a ls o  n e c e s sa ry  f o r  h ig h  a c t i v i t y ,  as th e  an g u la r
isom ers o f b e rg a p te n  (1 5 ) ,  iso b e rg a p te n  (57) and th e  s y n th e t ic
a l lo b e rg a p te n  (91) a re  v e ry  poor photoderm al a g e n ts .  Pathak  
23and h i s  co -w orkers d isc o v e re d  th a t  u .v .  l i g h t  o f  w aveleng ths 
betw een 320-4-00run i s  r e q u ir e d  f o r  photoderm al a c t i v i t y .
B erg ap ten  ( 15) (an d  th e  o th e r  sim ple fu ran o c  oum arins)
e x h ib i t  o th e r  p h o to b io lo g ic a l  e f f e c t s ,  f o r  in s ta n c e ,  th e  k i l l i n g
19o f  b a c t e r i a ,  in a c t iv a t io n  o f  tum or c e l l s  and m u tagenesis  .
T h is l a s t  phenomenon su g g es ted  t h a t  th e  s i t e  o f  a c t io n  o f  th e
19furanocoum arin  cou ld  be a t  DNA. Much ev idence  has s in c e  th e n
been accum ula ted  in d ic a t in g  th a t  th e  f l a t  fu ranocoum arin  can
19i n t e r c a l a t e  betw een two s ta c k e d  DNA base  p a i r s  and t h a t  th e
a c t iv e  compounds th e n  r e a c t  f u r th e r  w ith  DNA under th e  in f lu e n c e
19o f  l i g h t .  The n a tu re  o f  t h i s  r e a c t io n  ap p ea rs  to  be th e
fo rm a tio n  o f £2 + 2^} p h o to a d au c ts  between th e  fu ranocoum arin  and
th e  p y rim id in e  b a se s , c y s to s in e ,  u r a c i l  and thym ine. The n e t
r e s u l t  o f  t h i s  i s  to  c ro s s  l in k  two s tra n d s  o f  DNA (se e  F ig u re  1 ) .
I t  has been assumed th a t  th e  photobound furanocoum arin  a l t e r s  th e
norm al fu n c tio n in g  o f DNA and t h i s  r e s u l t s  i n  th e  observed
19p h o to b io lo g ic a l  e f f e c t s
A number o f  i n t e r e s t i n g  b io lo g ic a l  p r o p e r t i e s  o f  th e  fu ra n o -
coum arins n o t m ediated  by l i g h t  have a ls o  been ob serv ed . For
many y e a rs  i t  has been known t h a t  on ly  very  sm a ll q u a n t i t i e s  o f
b e rg ap ten  (15) and o th e r  r e l a t e d  compounds, a c t  as e f f i c i e n t  f i s h  
2/
to x in s  . A nother i n t e r e s t i n g  s tudy  has shown t h a t  b e rg ap ten  ( 15)
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e x h ib i t s  an ex trem ely  h ig h  m o llu sc a c id a l a c t i v i t y  (o n ly  5 p .p .m . 
a re  r e q u ire d  f o r  100/o s n a i l  f a t a l i t y ) . R e c e n tly  a number o f 
p ap e rs  have appeared  from  R u ss ia  (w here th e re  i s  in te n s e  i n t e r e s t  
in  th e  b io lo g ic a l  p r o p e r t i e s  o f  coum arins) d e a l in g  w ith  coum arin- 
N -v in y lp y ro llid o n e  co -p o ly m ers . Such a co-polym er w ith  ( - ) -
pc
o xypeucidan in  (18) p o s se s se s  a n t ia r ry th m ic  a c t i v i t y
Very l i t t l e  has been re p o r te d  on th e  b io lo g ic a l  a c t i v i t y  o f
th e  n o n -fu ra n o id  5 ,7 -d io x y g en a ted  coum arins. C it ro p te n  (6) i s
u n ique among non -fu ranocoum arins in  t h a t  i t  ph o to b in d s to  DNA
and shows consequen t a n t i - b a c t e r i a l  a c t i v i t y  in  a d d i t io n  to  b e in g  
19a pho to-m utagen  . The f l a t  n a tu re  o f t h i s  m olecule  i s  im p o rta n t
in  a llo w in g  i t  t o  i n t e r c a l a t e  w ith  DNA in  a  manner analogous to  th e
fu ran o co u m arin s . A number o f d ioxygenated  coum arins have r e c e n t ly
26been d isc o v e re d  to  a c t  as  a n t ib y p e r te n s iv e s  and c i t r o p te n  (6) i s  
amongst them .
As can be seen  from th e  s h o r t  d is c u s s io n  above, th e  p h y s io lo g ic a l  
p r o p e r t i e s  o f  5>7 -d io x y g en a ted  coum arins and th e  c la s s  in  g e n e ra l 
cover a wide and v a r ie d  range  arid have, as a re  su itj , s t im u la te d  a 
g r e a t  d e a l o f  b a s ic  r e s e a rc h  in to  t h i s  f i e l d  o f oxygen h e te ro c y c le s .
The s y n th e t ic  ch em ist has found th e  5 ,7 -d io x y g en a ted  s e r i e s
a f r u i t f u l  f i e l d  as to  d a te  alm ost h a l f  o f  th e  c la s s  have been
s u b je c t  to  t o t a l  s y n th e s is  ( th o s e  marked w ith  * in  th e  index  to
Scheme 1 ) . Amongst th e  f i r s t  to  be s y n th e s is e d  were b e rg a p to l ( 14)
27and th e  c o rre sp o n d in g  m ethyl e th e r  b erg ap ten  (1 5 ) , though th e
Scheme 2
A cO ^ O
(14) minor
Scheme 3
(92) m ajor
OH,iCH
c i
cs
o,rm
(62)
(26) R =H
(33) R =
e f f ic ie n c y  o f t h i s  e a r ly  s y n th e s is  was low (Scheme 2 ) . The
singular isom er a l lo b e r g a p to l  (92) (w hich i s  n o t known to  occur
n a tu r a l ly )  was p red o m in an tly  produced d u rin g  th e  co n d en sa tio n
28to  form th e  la c to n e  r in g .  C aporale  , by a  s im i la r  ro u te  h as
overcome th e  problem  o f  a n g u la r  fu ra n  fo rm a tio n , in  a  s y n th e s is
o f  b e rg a p te n  ( l 5 ) ,b y  u t i l i s i n g  a p ro te c te d  in te rm e d ia te  w hich on
von Pechmann co n d en sa tio n  can form on ly  th e  l i n e a r  system  (Scheme
3) . T h is  s y n th e s is ,  however, i s  s t i . l l  f a r  from  e le g a n t .
D e sp ite  t h i s ^ t o  d a te  no r e a l l y  s a t i s f a c to r y  s y n th e s is  o f  b e rg a p to l
( 14) has  been  r e p o r te d .  As a r e f l e c t i o n  o f  t h i s ,  few t o t a l
sy n th e se s  o f  5 ,7 -d io x y g en a ted  fu ranocoum arins have been a c h ie v e d .
Indeed , b e rg a p to l  ( 14) d e r iv e d  e i th e r  by d e g ra d a tio n  o r from
n a tu r a l  so u rces  has u s u a l ly  been used  as th e  s t a r t i n g  m a te r ia l  f o r
29th o se  sy n th e se s  t h a t  have been com pleted  e .g .  o f  fu ro p in n a r in
on
( 62) .  O s tru th o l (33) h as  been p a r t i a l l y  s y n th e s is e d  from th e  
o p t i c a l l y  a c t iv e  p re c u rs o r  a v ip r in  (26) as a s t r u c tu r e  p ro o f , 
sim ply  by fo rm a tio n  o f th e  a n g e la te  e s t e r ,  though th e  p a re n t com­
pound c o n ta in in g  th e  g ly c o l ic  fu n c tio n  has n o t  been made. I t  
sh o u ld  be n o te d  th a t  a n g e la te  e s te r s  a re  f a i r l y  common s t r u c t u r a l
f e a tu r e s  o f  th e  coum arins in  g e n e ra l.
One o f  th e  most i n t e r e s t i n g  and p e re n n ia l  c h a lle n g e s  fa c in g  
th e  s y n th e t ic  chem ist i s  t h a t  o f  r e g io s p e c i f i c a l ly  in tro d u c in g  
f u n c t i o n a l i t y . This problem  i s  w e ll i l l u s t r a t e d  by th e  5 ,7 -  
d iox y g en a ted  coum arins. In  o rd e r  to  e la b o ra te  a p a r t i c u l a r  
m olecule th e  5 -h yd roxy l may have to  be s e l e c t iv e ly  fu n c t io n a l i s e d
(53) '
(93)
Scheme 4
AcO
. see over/
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w ith  r e s p e c t  to  th e  7 -h y d ro x y l. S e s ib i r i c in  (53) f o r  in s ta n c e ,  
h as  a  5 -p re n y l e th e r  and a 7 -m ethoxy l. P re n y la t io n  o f  a n u c le a r  
carb o n  a t  e i t h e r  C-6 o r C-8 as d e s ir e d ,  i s  a n o th e r  m ajor h u rd le  
w hich m ust be overcome i f  th e  ta s k  o f s y n th e s is  i s  to  be a ch iev ed . 
T hat th e s e  two problem s have been s u b s t a n t i a l l y  so lv ed  i s  bo rne 
w itn e ss  to  by th e  la rg e  number o f  th e  5 ,7 -d io x y g en a ted  coum arins 
t h a t  have been  s y n th e s is e d .
U n fo r tu n a te ly  th e  two hyd roxy l fu n c tio n s  o f  5 ,7 -d ih y d ro x y -
coum arin (93) show id e n t i c a l  r e a c t i v i t y  tow ard  a number o f 
31a lk y la t in g  ag e n ts  . T his problem  may be overcome how ever, by
32th e  sim ple  p re c e d e n t o f  a c e ty la t io n .  I t  has been shown t h a t
5 ,7 -d iace to x y co u m a rin  w i l l  r e a c t  p r e f e r e n t i a l l y ,  under c a r e f u l ly
c o n t ro l le d  c o n d i t io n s ^ a t  th e  C-5 oxygen w ith  a v a r ie ty  o f
a lk y la t in g  a g e n ts ,  e .g .  m ethyl io d id e , 3 ,3 -d im e th y la lly l  bromide
(Scheme 4 ) •  I t  i s  q u i te  rem arkab le  t h a t  r a d i c a l l y  d i f f e r e n t
r e a c t i v i t y  i s  shown by 3 -p h e n y l-5 ,7 -d iac e to x y co u m arin  in  t h a t  th e
33oxygen a t  C-7 r e a c t s  th e  more r e a d i ly  . D ire c t  C -a lk y la t io n  i s
very  d i f f i c u l t  s y n th e t ic a l ly  and has r a r e l y  been ach iev ed  s a t i s -  
34f a c t o r i l y  , th e r e f o r e  i n d i r e c t  te c h n iq u e s  have g e n e ra lly  been the  
most s u c c e s s f u l .  The u se  o f th e  C la is e n  rea rran g em en t to  i n t r o ­
duce a v a r ie iy o f  a lk y l  s u b s t i tu e n ts  on a n u c le a r  carbon has o f te n
5
proved to  be an e f f i c i e n t  and r e g io s e le c t iv e  method . The u se ­
fu ln e s s  o f  th e s e  two te c h n iq u e s  i s  i l l u s t r a t e d  in  two re c e n t
n r
s y n th e s e s ^ th a t  o f coum urrayin  (47) (Scheme 5) and 3 -p h en y l- 
b e r g a p te n ^  (94) (Scheme 5 ) .
Scheme 5 ( c o n t .) 
CH,
Ph
(94)
(42) (41)
(95)
Scheme 6
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A p a r t i c u l a r l y  i n t e r e s t i n g  re c e n t  s y n th e s is  was t h a t  o f
'if*
deoxybruceo l (41 )» In  1963 b ru c e o l (42 ) was i s o l a t e d  from
E rio stem on  b ru c e i  and i t s  s t r u c tu r e  a s s ig n e d  u n e q u iv o c a lly  by X -ray
a n a ly s i s .  E ig h t y e a rs  l a t e r  deoxybruceo l (41 ) was i s o l a t e d  from
37th e  same p la n t  sou rce  and a s y n th e s is  p u b lish e d  by Crombie
e t  a l . The s y n th e t ic  m a te r ia l  was i d e n t i c a l  in  a l l  a s p e c ts  to  
th e  n a t u r a l  and th e  s t r u c tu r e  was a ss ig n e d  t h a t  o f  th e  deoxy-
isom er (95) o f  b ru c e o l l a r g e ly  on s p e c t r a l  com parisons w ith
b ru c e o l (42 ) .  The s y n th e s is  in v o lv ed  p ro lo n g ed  p y ro ly s is  o f 5 ,7 -
d ihydroxycoum arin  w ith  c i t r a l  in  th e  p resen ce  o f  p y r id in e ,
w hich ap peared  to  produce a s in g le  c i t r a n .  However, a r e -
38exam ination  o f  th e  r e a c t io n  in  1976 showed th a t  two c i t r a n s  
were in  f a c t  form ed. The m ajor p ro d u c t (w hich was i d e n t i c a l  to  
t h a t  p re v io u s ly  s y n th e s is e d  and co n seq u en tly  a ls o  to  n a tu r a l  
deoxybruceo l ) was shown to  have s t r u c tu r e  (41 ) from X -ray  
a n a ly s is  o f  th e  4 -b ro m o d e riv a tiv e  and n o t (95) as  p re v io u s ly  
a ss ig n e d  on s p e c t r a l  g rounds. The minor p ro d u c t was shown to  
have s t r u c tu r e  (9 5 ) .  C le a r ly  s p e c t r a l  c o n s id e ra tio n s  canno t 
alw ays be r e l i e d  upon in  d is t in g u is h in g  betw een c lo s e ly  r e l a t e d  
iso m e rs . M e c h a n is t ic a lly  th e  r e a c t io n  i s  b e lie v e d  to  p ro ceed  
v ia  th e  i s o la b le  chromenes as shown in  Scheme 6 . The b io g e n e s is  
i s  b e lie v e d  to  fo llo w  an analogous mechanism. I t  i s  ap p a re n t 
t h a t  a lth o u g h  deoxybruceo l (41 ) and b ru c e o l (42) occur s id e  by 
s id e  in  th e  same p la n t ,  th e y  do n o t p o sse ss  th e  same c i t r a n  
o r i e n t a t i o n .  No sim ple  b io s y n th e t ic  l in k a g e  v ia  h y d ro x y la tio n
Scheme 7
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can th e n  e x i s t .  T h e ir  b io sy n th e se s  must d iv e rg e  b e fo re  th e  
p o s tu la te d  chromene in te rm e d ia te s  a re  form ed, u n le s s  th e  coum arin 
r in g  i s  i n s e r t e d  a t  a  l a t e  s ta g e .
The b io s y n th e s is  o f  th e  coum arins has been s u b je c t  to  much 
s tu d y  and i t  i s  a p p ro p r ia te  a t  t h i s  ju n c tu re  to  d e s c r ib e  some o f 
t h i s  work la y in g  p a r t i c u l a r  em phasis on th e  fu ran o co u m arin s .
As coum arin  ( l )  i s  a pheny lp ropano id  compound, i t  i s  re a so n ­
a b le  in  th e  l i g h t  o f  e a r l i e r  s tu d ie s  o f pheny lp ro p an o id s  to  assume
39 - /1t h a t  i t  i s  sh ik im a te  d e r iv e d . Much e x p e rim e n ta tio n  has
shown t h a t  b o th  coum arin ( l )  and u m b e llife ro n e  ( 5) a re  in d eed  
sh ik im a te  d e r iv e d  (Scheme 7 ) • The com m itted s te p  in  th e  form a­
t io n  o f  coum arins i s  th e  o r th o -h v d ro x v la t io n  o f a cinnam ic a c id .
39Brown has shown t h a t  in  la v e n d e r  (havendu la  o f f i c i n a l i s ) t r a n s -
cinnam ic a c id  i s  a good p re c u rs o r  o f  b o th  coum arin ( 1) and
h e r n ia r in  ( 96) .  The same a u th o r has shown however, t h a t  th e
b io s y n th e s is  o f  coum arin (1 ) and th e  7 -oxygenated  compounds d iv e rg e
a t  cinnam ic a c id  n o t a t  o-coum aric a c id .  In  o th e r  words p a ra -
h y d ro x y la tio n  o f cinnam ic a c id  p reced es  th e  o r th o -h y d ro x v la tio n
t h a t  i s  r e q u ire d  to  e la b o ra te  th e  coum arin r in g .  I t  i s  b e l ie v e d
however t h a t  o r th o -h v d ro x y la tio n  occurs p r io r  to  th e  is o m e r is a t io n
o f th e  t r a n s  s id e  c h a in  double bond and t h i s  is o m e r is a tio n  i s
/  2  /  3c o n s id e re d  to  be a pho tochem ical one 1 . A pparen tly  th e  f u l l
h y d ro x y la tio n  p a t te r n  of th e  benzene r in g  i s  e s ta b l is h e d  b e fo re  
l a c to n i s a t io n ,  a t  l e a s t  in  th e  compounds s tu d ie d  to  d a te .  No 
in fo rm a tio n  i s  a v a i la b le  c u r r e n t ly  on th e  b io s y n th e s is  o f non-
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fu ra n o id  5 ,7 -d io x y g en a ted  compounds, co n seq u en tly  n o th in g  i s  known 
ab o u t th e  p o s i t io n  o f  h y d ro x y la tio n  on t h e i r  b io s y n th e t ic  pathw ay. 
However, 6 ,7 -d ih y d ro x y co u m arin , a e s c u le t in  (97) has been 
s t u d i e d ^  and t h i s  conform s to  th e  above p a t te r n ,  in  t h a t  c i s -  
c a f f e i c  a c id  has been shown to  be a p re c u rs o r  (Scheme 8 ) .
The b io g e n e s is  o f  th e  fu ranocoum arins has lo n g  been th e  
s u b je c t  o f  s tre n u o u s  in v e s t ig a t io n .  As has a lre a d y  been s t a t e d  
two C a te g o r ie s  o f  fu ranocoum arins e x i s t ,  l i n e a r ,  p so ra le n  (88) 
b e in g  th e  p a re n t  o f  th e se  compounds and a n g u la r , w ith  a n g e lic a n
(98) th e  p a re n t  fu ranocoum arin .
In  1937 S path  su g g es ted  t h a t  a l l  th e  carbon  atoms o f  th e  
fu ra n  r in g  were d e r iv e d  from an iso p e n ta n e  u n i t  as i l l u s t r a t e d  in
(9 9 ) .  In  th e  same y e a r  H o w arth ^  p o in te d  o u t t h a t  fu ra n o ­
coum arins were t h e o r e t i c a l l y  d e r iv a b le  by e l im in a tio n  o f propane 
from a 2 - iso p ro p y ld ih y d ro fu ra n  (Scheme 9 ) .
Geissman and H in ra in e r  p ro p o s e d ^  in  1932 th a t  u n s u b s t i tu te d  
fu ra n  r in g s  co u ld  be form ed from a tw o-carbon  p h o sp h o ry la ted  
k e to -a lc o h o l  p re c u rs o r  (Scheme 10). They gave no su g g e s tio n s  
how ever, as to  th e  means o f  a ttach m en t o f t h i s  group to  th e  
a ro m a tic  r in g .  The au th o rs  d id  p o in t  ou t though , t h a t  i t  m ight 
be condensed w ith  a c e to n e , p ro v id in g  a system  w ith  p o t e n t i a l  f o r  
d ev e lo p in g  in to  many o f  th e  common m o d if ic a t io n s  o f an is o p e n te n y l 
group (Scheme 11 ). T h is th e o ry  was ex tended  to  in c lu d e  
h y d ro ly s is  o f th e  p h o sp h o ry la ted  hydroxy l and subsequen t c y c l i s -
Scheme 12
HO.
(99')
(102)
Scheme 12
a t io n  o f th e  r e s u l t a n t  g ly c o l w ith  an a d ja c e n t  p h e n o lic  h y d roxy l 
to -"account f o r  th e  fo rm a tio n  o f h y d ro x y iso p ro p y ld ih y d ro fu ra n s  
and(X , <x -d im e th y lp y ra n  m o ie t ie s .  The c leav ag e  o f th e  form er as a 
p o s s ib le  ro u te  to  u n s u b s t i tu te d  fu ra n s  was n o t  co n sid e re d ,.
Two indep en d an t p ro p o sa ls  were p u t fo rw ard  in  th e  l a t e  
1950’ s to  th e  e f f e c t  t h a t  a C-5 u n i t  was th e  s t a r t i n g  p o in t  f o r
/  g
fu ra n  fo rm a tio n . S e sh a d ri p o s tu la te d  th e  rem oval o f  a th r e e  
carbon  u n i t  p r i o r  to  fo rm atio n  o f  th e  f iv e  membered r in g .
Scheme 12 i l l u s t r a t e s  h i s  h y p o th e s is . O x id a tio n  o f  an o r th o -  
iso p re n y lp h e n o l o f ty p e  (9 9 * ), p o s s ib ly  v ia  an epoxide would le a d  
to  a g ly c o l (1 0 0 ), which on o x id a tiv e  c leav ag e  to  th e  aldehyde 
(101) fo llow ed  by c y c l i s a t io n  and d eh y d ra tio n  would g e n e ra te  a
fu ra n . S e sh a d ri a ls o  n o ted  th a t  c y c l i s a t io n  o f  an oxygenated
C-5 u n i t  w ith  an o r th o  p h en o lic  hy d ro x y l, m ight g ive  r i s e  to  an 
h y d ro x y iso p ro p y ld ih y d ro fu ra n  (1 0 2 ). In  common w ith  Geissman and 
H in ra in e r  how ever, he d id  n o t c o n s id e r  th e  p o s s i b i l i t y  t h a t  th e  
fu ranocoum arins co u ld  be d e riv e d  by f u r th e r  e la b o ra t io n  o f (1 0 2 ).
/  Q
The second p ro p o sa l, th a t  o f B irch  and Sm ith , d i f f e r e d  
from th a t  o f  S e sh a d r i fun d am en ta lly , in  t h a t  lo s s  o f  th e  th re e  
carbon  fragm ent was p o s tu la te d  to  occur a f t e r  c y c l i s a t i o n ,  th e
keto n e  (103) b e in g  a key in te rm e d ia te  (Scheme 1 2 ') .
D esp ite  a l l  t h i s  e a r ly  s p e c u la tio n  i t  was n o t u n t i l  th e  mid­
s i x t i e s  t h a t  any c o n c re te  ev idence as to  th e  b io g e n e s is  o f  fu ra n o ­
coum arins began to  em erge.
C H
C H
C H
C H
(104) (105)
Scheme 13
H O
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( 5)
The f i r s t  s tu d ie s  on th e  o r ig in  o f  fu ranocoum arins were
c a r r i e d  o u t by F lo s s  and M o th e s^  who e s ta b l i s h e d  th a t
u m b e llife ro n e  ( 5) was a p re c u rs o r  o f th e  fu ranocoum arins in
P in ip in e lla  magna. The p re c u rs o r  r o le  o f  u n b e l l i f e ro n e  h as  s in c e
50 51been  e s ta b l i s h e d  in  a number o f  o th e r  p la n t  s p e c ie s  ’ By a
52s e r i e s  o f  f e e d in g  ex p erim en ts  th e y  a ls o  e s ta b l i s h e d  m evalonic
a c id  as  th e  so u rce  o f  th e  two carbon  atoms o f th e  fu ra n  r in g  in
p im p in e l l in  (104) . I t  was th o u g h t t h a t  th e  fu ra n  r in g  was l i k e l y
to  be form ed by p re n y la t io n  a t  C-8 o f a p h e n o lic  p re c u rs o r  fo llo w ed
by c y c l i s a t i o n  and a l o s s  o f  a th r e e  carbon u n i t .  E x te n s iv e  work 
53by K utneys’ group has f irm ly  e s ta b l is h e d  th e  r o le  o f  m evanolate 
in  th e  e la b o r a t io n  o f  fu ran o co u m arin s . In  s e p a ra te  experim en ts
th e y  fe d  4-^H Q-m evalonic a c id  and 5 -  m evalonic a c id  to
t i s s u e  c u l tu r e s  o f Thamnosma montana and a f t e r  i s o l a t i o n  of 
i s o p im p in e l l in  (1 0 5 ), examined th e  d i s t r i b u t io n  o f  th e  t r i t i u m  
l a b e l  in  t h i s  m a te r ia l .  T h e ir  r e s u l t s  which a re  shown in  Scheme 
13, c l e a r ly  in d ic a te  t h a t  th e  C-2 and C-3 carbon atoms o f  th e  fu ra n  
r in g  a re  d e r iv e d  from C-4 and C-5 o f m evalonic a c id  r e s p e c t iv e ly ,  
in  agreem ent w ith  th e  r e s u l t s  o f F lo s s  and M othes.
51The r e s u l t s  o f  S tec k  and Brown in  1969, gave some o f  th e  
f i r s t  in d ic a t io n s  re g a rd in g  th e  ro u te  from u m b e llife ro n e  (5) t o  
th e  fu ran o co u m arin s . They were a b le  to  show t h a t  l a b e l l e d  
u m b e llife ro n e  (5 ) when fe d  to  th e  ro o ts  o f R u ta  g rav eo len s  
(a s  th e  f r e e  phenol) and to  Heracleum la n a tiu m  (a s  th e  g lu c o s id e ) ,
(107)
Scheme \ L
/ = \ ^ o 0
(108)
(111)
H h c t '(5),
(109)
(15) R=OMe,R = H . 
(88) R=R'=H.
HO
(90)R = H,R=OMe.
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was in c o rp o ra te d  in to  th e  d ihydro fu ranocoum arin s m annesin (106)
and co lu m b ia n e tin  (107) r e s p e c t iv e ly .  On th e  b a s is  o f  th e se
r e s u l t s  th e y  p roposed  th e  pathway shown in  Scheme 14 f o r
u m b e llife ro n e  ( 5) to  marmesin (1 0 6 ), w ith  an analogous scheme
f o r  c o lu m b ia n e tin  ( 107) b io s y n th e s i s .  The d i r e c t  in t r o d u c t io n  o f
a C -p ren y l u n i t  o r th o  to  a pheno l i s  b e lie v e d  to  be a q u i te
g e n e ra l method by which N atu re  in tro d u c e s  t h i s  g roup . Dime-
(108)t h y l a l l y l  py rophosphate  i s  b e l ie v e d  to  be th e  a lk y la t in g
55ag en t and Brown has  r e c e n t ly  i s o l a t e d  from R u ta  g rav eo len s
th e  enzyme r e s p o n s ib le  f o r  t h i s  tra n s fo rm a tio n , u m b e llife ro n e -
d im e th y la l ly l  -p y ro p h o s p h a te -d im e th y la lly l tr a n s fe ra s e . I t  w i l l
be n o ted  th a t  compounds analogous to  th e  epoxide ( e .g .  (109 )) and
th e  d io l  ( e .g .  (110)) in te rm e d ia te s  p o s tu la te d  in  Scheme14 a re
known in  N a tu re . D ire c t  f e e d i n g ^  o f  t r i t i a t e d  marmesin (106)
to  th e  two p la n t  s p e c ie s  m entioned above, showed i t s  in c o rp o ra t io n
in to  th e  fu ranocoum arins p s o ra le n  (8 8 ) , b e rg ap ten  (15) and
x a n th o to x in  (9 0 ) .  S tec k  and B row n^ have a ls o  shown th a t
(+)„m arm esin (106) i s  u t i l i s e d  f o r  furanocoum arin  b io s y n th e s is ,
w h i ls t  i t s  an tip o d e  i s  n o t .  C o lum bianetin  (107) was s im i la r ly
54shown to  be in c o rp o ra te d  in to  a number o f a n g u la r  fu ra n o -
57coum arins. S tec k  and Brown l a t e r  showed c o n c lu s iv e ly  t h a t  
7 -d em e th y lsu b e ro s in  (111) and o s th e n o l (112) a re  p re c u rs o rs  o f 
th e  l i n e a r  and an g u la r  fu ranocoum arins r e s p e c t iv e ly ,  in  a 
number o f  s p e c ie s .
H 0 0 6 )
Scheme 15
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B irch , a l s o  in  1969, p u b lish e d  a p aper w hich su g g es ted  an 
a l t e r n a t iv e  to  h i s  e a r l i e r  p ro p o sa l (v id e  su p ra ) f o r  b en zo fu ran  
fo rm a tio n  which has re le v a n c e  to  th e  ro u te  from marmesin ( 106) and 
c o lu m b ia n e tin  (1 0 7 ) ..to  th e  fu ranocoum arin s. He p o in te d  o u t t h a t  
c leav ag e  o f an h y d ro x y iso p ro p y ld ih y d ro fu ra n  w ith  concom itan t 
lo s s  o f  ace to n e  (Scheme 15) re q u ire d  on ly  a b e n z y lic  carbonium  
io n , however g e n e ra te d . Chem ical ev idence in  su p p o rt o f  t h i s  has
cr g
been  c i t e d  i n  a number o f in s ta n c e s . I t  i s  known t h a t  l i b a n o t i n  
(113) on tre a tm e n t w ith  methp-nolic sodium hydrox ide g iv e  
a n g e lic a n  (98) and S e s h a d r i ^  has found v a g in id in  (114) a l s o  
fu rn is h e s  a n g e l ic  in  ( 98) on a l k a l i  t re a tm e n t.
S tec k  and Brown^ 1 have p o s tu la te d  th e  d io l  ( 115) a s  a p ro ­
b a b le  in te rm e d ia te  on th e  pathway from c o lu m b ian e tin  ( 10?) to  
a n g e lic a n  ( 98) as  i t  f i t s  in  w e ll  w ith  th e  B irc h  h y p o th e s is  fo r
b en zo fu ran  b io g e n e s is .  T h is  d io l ,  known as v a g in id io l  has s in c e
61been i s o l a t e d  from Selirm rm  vag ina  turn  ^ , though a number o f  i t s
e s t e r s  were known a t  th e  tim e o f  S tec k  and Brown’ s p ro p o s a l.
The a b s o lu te  s te re o c h e m is try  o f  n a tu r a l  v a g in id io l  (115) has
61 / ! been  shown to  be 2 (S) , 3 (R) and a l l  i t s  many known n a tu r a l
e s t e r s  have t h i s  c o n f ig u ra t io n .  To accoun t f o r  t h i s  S tec k  
60proposed  t h a t  c o lu m b ian e tin  ( 107) underw ent a s te r e o s p e c i f ic
h y d ro x y la tio n  a t  C-3  , fo llo w ed  by e s t e r i f i c a t i o n  as th e  p ro b ab le
b io s y n th e s is  o f th e se  compounds. The analogous d io l  ( 116) was
a ls o  p roposed  to  occupy a s im i la r  r o le  in  th e  b io g e n e s is  o f th e
62l i n e a r  fu ranocoum arin s . T his d io l  has been i s o l a t e d  in
C H C H
H
(118)
(98)
(57)
E
(88)
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racem ic  form  and a number o f i t s  e s t e r s  a re  a ls o  known. I t  i s  
n o t known, how ever, w hether v a g in id io l  (115) o r i t s  l i n e a r  
ana logue  ( 116) a re  i n  f a c t  in te rm e d ia te s  on th e  b io s y n th e t ic  
p a .thw ays to  th e  fu ran o co u m arin s .
D e sp ite  th e  f a c t  t h a t  ;a number o f h y p o th eses  have been  p u t 
fo rw ard  to  e x p la in  th e  co n v ers io n s  o f  marmesin (106) and colum­
b ia n e t in  (107) to  t h e i r  r e s p e c t iv e  fu ranocoum arin s, l i t t l e  i s
r e a l l y  u n d e rs to o d  abou t th e  u n d e rly in g  mechanism s. Only n e g a tiv e
53m e c h a n is tic  ev idence  i s  a v a i la b le ,  Kutnev e t  a l .  have deduced
from exp erim en ts  w ith  s p e c i f i c a l l y  l a b e l l e d  m evalonic a c id  t h a t
fu ra n  fo rm a tio n  can n o t occur v ia  any mechanism t h a t  in v o lv e s  l o s s
o f a l l  th e  p ro to n s  from e i th e r  o f th e  2 1 o r 31 p o s i t io n s  o f th e se
58in te rm e d ia te s .  The p ro p o sa ls  o f B irch  , i . e .  t h a t  th e  th r e e  
carbon  fragm en t i s  l o s t ,  perhaps as ace to n e  and th e  fu ra n  double 
bond i s  in tro d u c e d  in  a c o n c e rte d  r e a c t io n  in v o lv in g  a 1 ,3 -  
c leav ag e  a re  th e  most favou red  how ever.
Much more in fo rm a tio n  i s  a v a i la b le  as to  th e  p o s i t io n  o f
f u r th e r  h y d ro x y la tio n  in  th e  furanocoum arin  b io s y n th e t ic  pathw ay«
In  1969 F lo s s  deduced on th e  b a s is  t h a t  s c o p o le t in  (117) was a
much p o o re r  p re c u rs o r  th a n  u m b e llife ro n e  ( 5) o f sphondin  (118) and
p im p in e l l in  ( 104) t h a t  p re n y la t io n  o f u m b e llife ro n e  ( 5) o ccu rs
b e fo re  any f u r th e r  n u c le a r  o x y genation . Indeed , i t  i s  known in
a number o f in s ta n c e s  th a t  f u r th e r  h y d ro x y la tio n  o ccu rs  a f t e r  th e
41fu ra n  r in g  has been form ed. Brown has shown th a t  a n g e l ic in  ( 98) 
i s  a p re c u rs o r  o f iso b e rg a p te n  (57) and p s o ra le n  ( SB) i s  s im i la r ly
(119)
( 120)
'CH.
i.i
(90) N (62)
hi Scheme .16
h c t x / ^ o
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a p re c u r s o r  o f  b e rg a p te n  (1 5 ) .  In  f u r th e r  c o n f irm a tio n  o f  t h i s  
51C ap o ra le  and h i s  a s s o c ia te s  have shown t h a t  5-m ethoxy-7- 
hydroxycoum arin (119) i s  n o t  in c o rp o ra te d  in to  b e rg a p te n  (15) 
in  R u ta  g ra v e o le n s . An e x c e p tio n  to  t h i s  g e n e ra l o b s e rv a tio n  
th a t  h y d ro x y la tio n  occu rs  a f t e r  c y c l i s a t i o n ,  i s  p ro v id ed  by th e  
work o f C a p o r a le ^  and h i s  a s s o c ia te s  who showed t h a t  8 - 
hydroxym arm esin (120) i s  e la b o ra te d  to  x a n th o to x in  (90) bv R u ta  
g ra v e o le n s . P resum ably  C -a lk y la t io n  to  y ie ld  such compounds as 
fu ro p in n a r in  ( 62) p ro ceed s  a t  t h i s  l a t e  s ta g e  in  th e  b io g e n e s is  
a l s o .
Scheme 16 sum m arises th e  b io s y n th e t ic  pathw ays t h a t  le a d  from 
u m b e llife ro n e  ( 5) to  th e  fu ranocoum arin s .
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G en era l E x p erim en ta l and A b b rev ia tio n s
29.
M eltin g  p o in ts  which a re  u n c o rre c te d , were d e term ined
on a  K o fle r  h o t s ta g e  a p p a ra tu s . M icroana lyses were perform ed
by M rs. W. H arkness and h e r  s t a f f .  I n f r a - r e d  s p e c tr a  were
re c o rd e d  on a  P e rk in  Elmer 225 sp ec tro p h o to m eter by Mrs. F .
1
Law rie  and h e r  s t a f f .  H n .m .r .  s p e c tr a  were re c o rd e d  on a
V arian  T-60 sp e c tro m e te r . U nless o th e rw ise  s ta t e d  n .m .r .
s p e c tr a  were reco rd ed  w ith  GDGl^ as s o lv e n t  and TMS as
i n t e r n a l  s ta n d a rd . Mass s p e c tr a  were re c o rd e d  by Mr. A.
R i tc h ie  w ith  an AEI-GEC MS 12 mass sp e c tro m e te r . U l t r a - v i o l e t
s p e c tr a  were reco rd ed  on a Unicam SPSOO sp e c tro p h o to m e te r.
^  (b ase ) r e f e r s  to  a s o lu t io n  to  which two drops o f 5N max ^
sodium hydrox ide  had been added.
K ie s e lg e l GF0_. (Merck) or KF0 _. (Merck) was used  f o r  
254 254
p r e p a r a t iv e  t . l . c . ;  K ie s e lg e l G (Merck) was used  fo r  a n a ly t i c a l  
t . l . c . .  A n a ly t ic a l  and p r e p a ra t iv e  t . l . c .  p la te s  were viewed 
under an u l t r a - v i o l e t  lamp (254 350 nm). A n a ly t ic a l p la te s
were developed  by io d in e  vapour a n d /o r  sp ray in g  th e  p la te s  w ith
o
a s o lu t io n  o f e e r ie  ammonium su lp h a te  and th e n  h e a tin g  to  150 . 
The e e rie  ammonium su lp h a te  s o lu t io n  was p rep a red  by d is s o lv in g  
e e r i e  ammonium n i t r a t e  (5g) in  c o n c e n tra te d  s u lp h u r ic  a c id  
(50ml) and making th e  volume up to  500 ml w ith  w a te r .
P e t r o l  r e f e r s  to  th e  f r a c t io n  o f l i g h t  pe tro leum  b .p .  
o
60-80 . A ll s o lu t io n s ,  u n le ss  o the rw ise  s ta t e d ,  were d r ie d
over anhydrous magnesium su lp h a te  o r  anhydrous sodium s u lp h a te .
30.
The s o lv e n ts  u sed  f o r  chrom atography a re  ex p re ssed  in  a volume 
r a t i o ,  e .g .  CHCiy'MeOH 2 :1 . The number o f e lu t io n s  r e q u ire d  
f o r  s e p a ra t io n  by p r e p a ra t iv e  t . l . c .  a re  in d ic a te d  w ith  th e  
s o lv e n t system . The compounds i s o la te d  from p re p a ra t iv e  t . l . c .  
o f  a m ix tu re  a re  g iv e n  in  o rd e r  o f  d e c re a s in g  m o b il i ty .
D uring th e  co u rse  o f  t h i s  r e s e a r c h ,  crude r e a c t io n  m ix tu res  
were o f te n  worked up by one o f two m ethods. These have been 
r e f e r r e d  to  in  th e  E xperim en ta l S e c tio n s  as Work-up I  and 
Work-up I I .
Work-up I
O -A lk y la tio n  o f  a hydroxycoum arin was ach ieved  by re  f lu x in g  
an ace to n e  s o lu t io n  o f th e  coum arin w ith  th e  a lk y la t in g  a g e n t, 
i n  th e  p resen ce  o f  p o ta ss iu m  c a rb o n a te . When th e  r e a c t io n  was 
com plete , a l l  s o l id  m a te r ia l  was removed by f i l t r a t i o n  and th e  
f i l t r a t e  ev a p o ra te d . The re s id u e  was th e n  d is so lv e d  in  a 
m ix tu re  o f  e th y l  a c e ta te  and w a te r, and th e  o rg an ic  la y e r  washed 
w ith  5 %  w ./v .  aqueous po tassium  carb o n a te  s o lu t io n ,  to  remove any 
s t a r t i n g  m a te r ia l .  Subsequent washing w ith  b r in e ,  d ry in g  and 
ev a p o ra tio n  o f th e  s o lv e n t gave a re s id u e  which was t r e a te d  as 
s p e c i f ie d  in  each p re p a ra t io n .
Work-up I I
T h is  was employed f o r  any r e a c t io n  m ix tu re  c o n ta in in g  
p y r id in e .  The r e a c t io n  m ix tu re  was poured  in to  a la r g e
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ex cess  o f  ic e d  w a te r . The s o lu t io n  was th en  e x t ra c te d  w ith  
e th y l  a c e ta t e  and washed w ith  a  s a tu ra te d  copper s u lp h a te  
s o lu t io n ,  to  remove th e  p y r id in e .  The r e s u l t a n t  s o lu t io n  was 
th e n  w ashed w ith  b r in e ,  d r ie d  and ev ap o ra ted  to  g iv e  a re s id u e  
w hich was t r e a t e d  a s  s p e c i f ie d  in  each p re p a ra t io n .
The fo llo w in g  a b b re v ia tio n s  and symbols have been used  in  t h i s  
t h e s i s :
b . b ro ad
d . d o u b le t
m. m u l t ip le t
q . q u a r te t
s . s i n g l e t
t . t r i p l e t
i . r .  i n f r a - r e d
u .v .  u l t r a - v i o l e t
s h .  sh o u ld e r
n .m .r .  n u c le a r  m agnetic resonance
t . l . c .  th in  la y e r  chrom atography
w ./v .  e .g .  5 %  w ./v . ;  t h i s  r e f e r s  to  a s o lu t io n  o f  5g.
in  100ml o f  s o lv e n t.
* e .g .  6 .3 1 * ; t h i s  r e f e r s  to  a s ig n a l  in  an n .m .r .
spectrum  which d isa p p e a rs  on a d d it io n  o f  D^O to
th e  s o lu t io n .
h r .  h o o r
Hz. H ertz..
32.
P a r t  1
S y n th e t ic  S tu d ie s  on th e  5 .7-D ioxygenated  Furanoconm arins
( 1 )
CH-O
S c
(3)
C H - O v ^ ^
(4)
(5 )
( 6 )  R = H
(7) R = Geranyl
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The u t i l i t y  o f  th e  C la ise n  rearrangem en t in  th e  s y n th e s is  o f  
coum arins h a s  a l re a d y  been a llu d e d  t o .  The p y ro ly s is  o f  1 ,1 -d im e th y l-  
a l l y l  a r y l  e th e r s  p o s se s s in g  a  v aca n t o r th o  p o s i t io n  h as  been shown 
to  be a c o n v e n ie n t method f o r  th e  in t ro d u c t io n  o f a p re n y l m oeity
-1
o r th o  to  a p h en o l, as i l l u s t r a t e d  by th e  s y n th e s is  o f coum urrayin  ( l )
( v id e  su p ra ) . A lthough p a ra -C la is e n  rearrangem en ts  o f 3 ,3 -d im e th y l-
a l l y l  a r y l  e th e r s  a re  w e ll known , th e re  was, when t h i s  work was
i n i t i a t e d ,  no r e p o r t  o f th e  s u c c e s s fu l  p a ra -C la is e n  rea rran g e m en t o f
an a r y l  1 ,1 -d im e th y la l ly l  e th e r .  Indeed , th e  e th e r  ( 2 ) ,  which h av in g
b o th  o r th o  p o s i t io n s  b locked  in  th e  a r y l  m oeity and th e  p a ra  p o s i t io n
v a c a n t,  was ex p ec ted  to  re a rra n g e  to  ( 3 ) ,  rem arkab ly  underw ent 
3
rea rran g e m en t s o le ly  to  th e  o rth o  p o s i t io n  fu rn is h in g  th e  s ta b le  
o r th o -d ien o n e  (4 ) • S u p r is in g ly ,  no t r a c e  o f th e  a n t ic ip a te d  p a ra -  
rea rran g e m en t p ro d u c t ( 3) cou ld  be d e te c te d , even on p ro longed  
p y r o ly s is  o f  ( 2 ) .  I t  i s  in d eed  u nusual f o r  an o r th o -d ien o n e  to  be 
th e  s ta b le  p ro d u c t o f  a C la ise n  rearran g em en t, e s p e c ia l ly  when o a ra -  
rea rran g e m en t and r e a ro m a tis a t io n  a re  possib le^".
5
F u ro p in n a r in (5) was i s o la t e d  in  1970 from R uta p in n a ta  and th e  
s t r u c tu r e  a s s ig n e d  la r g e ly  on sp e c tro sc o p ic  g rounds. The s y n th e t ic  
ro u te  i l l u s t r a t e d  in  Scheme 1 p rov ided  a method f o r  f u r th e r  in v e s t ­
ig a t in g  th e  p a ra -C la is e n  rearrangem en t o f a 1 ,1 -d im e th y la l ly l  a r y l  
e th e r ,  a s  w e ll  as c o n s t i tu t i n g  a t o t a l  s y n th e s is  o f fu ro p in n a r in  and 
th u s  a s t r u c t u r e  p r o o f .
The s t a r t i n g  m a te r ia l  fo r  t h i s  proposed s y n th e s is ,  b e rg a p to l ( 6 ) ,  
was r e a d i ly  a v a i la b le  from th e  a c id  c a ta ly s e d  h y d ro ly s is  o f bergam m otin
Scheme 1
(6)
(8)
( 5 )
(1 2 )
(10)
CH_0
34-
( 7 ) ,  3 m ajor component o f  th e  e th e r  so lu b le  p o r t io n  o f com m ercial 
£
bergam ot o i l  • B e rg a p to l ( 6 ) ,  as d e sc r ib e d  in  th e  in t r o d u c t io n ,  has
• 7i t s e l f  been  s y n th e s is e d  , though as t h i s  s y n th e s is  was a poor one, th e  
n a t u r a l  m a te r ia l  i s  much more r e a d i ly  a c c e s s ib le .
The 1 ,1 - d im e th y la l ly l  e th e r  (8) o f b e rg a p to l was p re p a re d  by th e
1w e ll e s ta b l i s h e d  te ch n iq u e  o f sem i-hyd rogenation  o f th e  co rre sp o n d in g
1 , 1 -d im e th y lp ro p a rg y l e th e r  ( 9 ) .  E th e r i f i c a t io n  o f b e rg a p to l (6) w ith
3 -c h lo ro -3 -m e th y lb u t-1 -y n e , gave two p ro d u c ts , th e  re q u ire d  p ro p a rg y l
e th e r  (9 ; 30%) and th e  C ,0-b  i s  a lk y la te d  analogue (1 0 ; 9 $ ), though
u n re a c te d  s t a r t i n g  m a te r ia l  rem ained even a f t e r  p ro longed  r e a c t io n .
The fo rm a tio n  o f  a C ,0 -b i s a lk y la te d  b y -p ro d u c t has a ls o  been o b served
in  th e  r e a c t io n  o f to m en tin  (11) under s im i la r  c irc u m sta n c e s . In
n e i th e r  in s ta n c e  co u ld  any C -m onoalkylated  p ro d u c ts  be d e te c te d .  I t
would ap p ea r t h a t  i f  G -m onoalky lation  o ccu rs , consequen t O -a lk y la tio n
becomes a  v e ry  r a p id  p ro c e ss  in d eed , i . e .  C -a lk y la te d  pheno ls  a re  much
more r e a c t iv e  th a n  th e  p a re n t  compounds. S em i-hydrogenation  o f ( 9)
p roceeded  c le a n ly  over 5%  p a llad iu m  on barium  s u lp h a te  to  y ie ld
(&; 9 5 % )  though  t r a c e s  o f h y d ro g en o ly s is  and o v e r - re d u c tio n  were
o b se rv ed . These s id e - r e a c t io n s  can g e n e ra lly  be e l im in a te d  by ju d ic io u s
p o iso n in g  o f th e  c a t a l y s t .  However, in  t h i s  in s ta n c e ,  th e  u se  o f even
3t in y  amounts o f su lp h u r-q u in o lin e  p o iso n  stopped  a l l  r e a c t io n .
P y ro ly s is  o f  th e  1 , 1 -d im e th y la lly l  e th e r  (8) a t  120 d id  in d eed  
r e s u l t  i n  th e  a n t ic ip a te d  p a ra -C la is e n  rearrangem en t a f fo rd in g  dem ethy l- 
fu ro p in n a r in  (12) in  36% y ie ld ,  as w e ll .as some c leav ag e  to  b e rg a p to l  
( 6 ) .  T his re a r ra n g e d  p ro d u c t was r e a d i ly  c h a ra c te r i s e d  by i t s  s p e c t r a l
( 5 )  R = H
(12) R -- C H 3
p r o p e r t i e s .  I t  was iso m e ric  w ith  th e  s t a r t i n g  m a te r ia l ,  p h en o lic  
( u .v .  base  s h i f t )  and d i f f e r e d  on ly  in  i t s  n .m .r .  spectrum  in  t h a t  
th e  s o le  ben zen o id  p ro to n  in  (8 ) was a b se n t and a  C -1 ,1- d im e th y la l ly l  
cjrou-p was p r e s e n t .  T h is u n e q u iv o c a lly  in d ic a te d  t h a t  a p a ra -  
rea rran g e m en t had o c c u rre d . T his c o n s t i tu te s  th e  f i r s t  example o f a 
s u c c e s s fu l  o a ra -G la is e n  rearrangem en t o f a 1 ,1 -d im e th y la l ly l  a r y l  
e t h e r .  No ev id en ce  fo r  th e  fo rm atio n  o f an o rth o - d ie  none co u ld  be 
o b ta in e d .  I t  i s  n o t  c l e a r  why th e  1 ,1 -dime t h y l a l l y l  e th e r  (8) sho u ld  
undergo  th e  p a ra -C la is e n  rea rran g em en t, w hile  th e  s t r u c t u r a l l y  
c lo s e ly  r e l a t e d  coum arin (2) behaved in  such an anomalous m anner. 
D em e th y lfu ro p in n a rin  (12) has s in c e  been re p o r te d  as a c o n s t i tu e n t  
o f Peucedanum stenocaroum  and th e  s p e c t r a l  p r o p e r t ie s  o f th e  
s y n th e t ic  m a te r ia l  were in  com plete agreem ent w ith  th o se  r e p o r te d  f o r  
th e  n a t u r a l  compound.
The pheno l (12) on tre a tm e n t w ith  e th e r e a l  diazom ethane a f fo rd e d  
th e  c o rre sp o n d in g  m ethyl e th e r  ( 5 ) ,  th e  s p e c t r a l  p r o p e r t i e s  o f which 
w ere in  com plete acco<rd w ith  th o se  o f n a tu r a l  f u r o p in n a r in .
The work in  t h i s  s e c t io n  o f th e  t h e s i s  has been d e sc r ib e d  in  
9
a r e c e n t  p u b l ic a t io n  .
(13) (14)
(15 ) (16)
(i 7)
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In  1976, D e lle  Monache e t  a l^  i s o la te d  from  th e  ro o ts  o f
H o r t ia  a rb o re a  a new coum arin which th e y  named h o r t io lo n e .  The
fo rm ula  was a t t r i b u t e d  to  t h i s  compound on th e  b a s i s  o f
a n a l y t i c a l  and mass s p e c t r a l  d a ta .  The p resen ce  o f  a  p h e n o lic  h y d ro x y l
group was deduced by th e  fo rm atio n  o f a m onoacetyl d e r iv a t iv e .  The
g ro ss  s t r u c t u r a l  f e a tu r e s  were r e a d i ly  de term ined  from th e  p ro to n
n .m .r  sp ec tru m . The c h a r a c t e r i s t i c  p a i r  o f d o u b le ts  (J=10Hz) o f  th e
coum arin r in g  appeared  a t  8 6 .2 0  and 8 .0 4 . A 1 ,1-dime t h y l a l l y l  s id e
c h a in  was deduced from th e  p resen ce  o f a s ix  p ro to n  s i n g l e t  a t  5 1.75
and an  ABX system  w ith  th e  AB p a r t  c e n tre d  a t  5 .08  and th e  X a t  6 .4 5 .
The rem a in in g  f e a tu r e s  o f th e  spectrum  were a one p ro to n  s i n g l e t  a t
5 7 .2 5 , a th r e e  p ro to n  s in g le t  a t  2.15 showing f in e  s t r u c tu r e  c o u p lin g ,
a t t r i b u t e d  to  a m ethyl group on an o le f in ic  l in k a g e  and a  p a i r  o f b ro ad
s i n g l e t s  a t  6 5 .3 0  and 5 .7 3 , which th e y  a ss ig n ed  to  th e  p ro to n s  o f a
g e m -d is u b s t i tu te d  a lk e n e . They in f e r r e d  from th e se  f e a tu r e s  t h a t  a
2 - is o p ro p e n y lfu ra n  r in g  was p re s e n t  in  th e  m o lecu le . These s p e c t r a l
11p r o p e r t i e s  a re  v e ry  s im i la r  to  th o se  o f th e  known 21- is o p ro p e n y l-  
fu ra n ,  o ro se lo n e  (1 3)* C a ta ly t ic  h y d ro g en a tio n  o f h o r t io lo n e  a f fo rd e d  
a te t r a h y d ro  d e r iv a t iv e ,  th e  u .v .  s p e c tr a  o f w hich, b o th  in  e th a n o l 
and i n  0.1N sodium h y d ro x id e , were c lo s e ly  s im i la r  to  th o se  o f
5 ,7 -d im ethoxycoum arin  ( 1 4 ) .  T his su g g ested  a s im i la r  oxygenation  
p a t t e r n .  The above d a ta  was c o n s is te n t  w ith  th r e e  p o s s ib le  s t r u c tu r e s  
fo r  h o r t io lo n e  (1 5 ) , (16) and (1 7 ) .
12In  th e  fo llo w in g  y e a r ,  th e  same a u th o rs  p u b lish e d  a p ap er in  
which th e y  d e s c r ib e d  how th e  a c tu a l  s t r u c tu r e  o f h o r t io lo n e  was
( 16 ) (17)
T able 1
Compound. 
H o rtio lo n e  
A ce ty l h o r t io lo n e
Chem ical S h i f t  (S) 
H-3* H-4
7 .25  B.40
6 .40  7 .7 3
F ig u re  1
1 50± 10
3 .0 1 5 A
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e s ta b l i s h e d .  They f i r s t l y  compared th e  n .m .r .  spectrum  o f h o r t io lo n e  
and i t s  m o n o a ce ta te . I f  s t r u c tu r e  ( 15) was t h a t  o f h o r t io lo n e ,  th e y  
a rg u ed , a c e ty la t io n  would cause  a d iam agnetic  s h i f t  o f H-4 in  th e  
n .m .r .  sp ec tru m . For s t r u c tu r e  ( 16) a d iam agnetic  s h i f t  o f b o th  H-4 
and H -3’ would be observed  and f o r  s t r u c tu r e  (17) a d iam agnetic  s h i f t  
o f  H -3’ o n ly . The marked d iam agnetic  s h i f t  observed  o f b o th  H-4 and 
H -3’ in  th e  a c e ty l  d e r iv a t iv e  i s  c o n s is te n t  w ith  s t r u c tu r e  (16) f o r  
h o r t io lo n e  (T ab le  1 ) .
By u t i l i s a t i o n  o f a la n th a n id e  s h i f t  re a g e n t f u r th e r  co n firm ­
a t io n  o f th e  s t r u c tu r e  o f h o r t io lo n e  (16) was o b ta in e d . Gray, Waigh
13 14and Waterman have d e sc r ib e d  ’ a sim ple te ch n iq u e  whereby s h i f t  
r e a g e n ts  may be used  f o r  th e  s t r u c t u r a l  e lu c id a t io n  o f coum arins. 
N orm ally th e  u se  o f la n th a n id e  s h i f t  re a g e n ts  to  d i f f e r e n t i a t e  
s t r u c t u r a l  iso m ers  r e q u ir e s  th e  th re e  d im en sio n al lo c a t io n  o f th e  
la n th a n id e  atom in  th e  com plex, a p rocedu re  u s u a l ly  n e c e s s i t a t i n g  
th e  u se  o f a com puter to  ach ieve  a " b e s t  f i t "  w ith  observed  r e s u l t s .  
However by re g a rd in g  th e  coum arin r in g  as p la n a r  and assum ing co - 
p l a n a r i t y  w ith  th e  la n th a n id e  atom in  th e  c o u m a r in -sh if t  re a g e n t 
com plex, th e  problem  may be reduced  to  one o f two d im ensions . Gray 
e t  a l .  have shown t h a t  E u (fod )^  com plexes w ith  th e  ca rb o n y l oxygen 
atom o f s im ple  coum arins in  such a  way th a t  a l l  th e  p ro to n  s h i f t s  
c o u ld  be r e l a t e d  to  a f ix e d  p o s i t io n  o f th e  europium  atom in  th e  
p la n e  o f th e  r in g  (F ig u re  1 ) .  The H-3 p ro to n  i s  s h i f t e d  m ost, and 
th e  s h i f t s  o f th e  th e  o th e r  p ro to n s  a re  most convY ently ex p re ssed  
r e l a t i v e  to  s h i f t  (3H)=1. The r e l a t i v e  s h i f t s  may be c a lc u la te d  by
Equation 1
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16u s in g  th e  M cC onnell-R obertson e q u a tio n  (E q u a tio n  1 ) . Gray e t  a l .  
have o b served  t h a t  in  g e n e ra l th e  E u(fod) ^ -in d u ced  s h i f t s  co u ld  be 
e x p re s se d  by th e  s e r i e s  37}4 =875=776, where th e  numbers r e p r e s e n t  
th e  p o s i t i o n  o f  s u b s t i tu e n ts  in  th e  coum arin s k e le to n .  D e lle  MonacUe 
e t  a l . c o n s id e re d  th e  induced  s h i f t s  o f th e  m ethyl e th e r  o f  h o r t io lo n e  
and observ ed  t h a t  th e  gem-d im e th y l o f th e  iso p ro p e n y l group s u f f e r e d  
a la r g e  s h i f t  r e l a t i v e  to  th e  m ethoxyl (T ab le 2 ) ,  which i s  com mensurate 
w ith  s t r u c t u r e  (16) f o r  h o r t io lo n e .  Chem ical ev idence p ro v id ed  f u r th e r  
c o n f irm a tio n , o f  t h i s  s t r u c tu r e ,  in  t h a t  u n m o d if ie d  h o r t io lo n e  
co u ld  be re c o v e re d  a f t e r  m ild  a c id  tre a tm e n t.
A t o t a l  s y n th e s is  o f h o r t io lo n e  was th u s  i n i t i a t e d  as a f u r th e r  
s t r u c t u r e  p ro o f .
The p a u c i ty  o f 2 ’- iso p ro p e n y lfu ra n s  amongst th e  coum arins and, 
in d e e d 7in  th e  f i e l d  o f n a tu r a l  p ro d u c ts  in  g e n e ra l,  has meant t h a t  
l i t t l e  s y n th e t ic  a t t e n t io n  has been d ir e c te d  tow ard them. C onsequen tly  , 
th e  developm ent o f  an e f f i c i e n t  s y n th e t ic  approach  to  t h i s  fu n c tio n ­
a l i t y  was o f  c o n s id e ra b le  i n t e r e s t .
The c o u p lin g  o f  cuprous a c e ty l id e s  and a r y l  h a l id e s  p o s se s s in g
17an. o r th o  h y d ro x y l group i s  known to  g ive a fu ra n  as  so le  p ro d u c t.
By u t i l i s a t i o n  o f t h i s  method, a sim ple one s te p  s y n th e s is  o f
2 - is o p ro p e n y lfu ra n s  was c o n s id e re d  a d i s t i n c t  p o s s i b i l i t y  (Scheme 2 ) .
To t e s t  t h i s  h y p o th e s is  th e  co u p lin g  o f th e  cuprous a c e ty l id e  (18)
w ith  7 -h y d ro x y -8 - iodocoum arin was in v e s t ig a te d .  7-H ydroxy-8 - io d o -
18
coum arin (19) was p re p a re d  in  90% y ie ld  by th e  r e g io s p e c i f ic  
io d in a t io n  o f u m b e llife ro n e  (2 0 ) , u s in g  one e q u iv a le n t o f io d in e /
>
:Cu
(1 8 )
(19) R = i
(20) R = H
(16)
H
(21)
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p o ta ss iu m  io d id e  in  20% aqueous ammonia. T hat io d in a t io n  had ta k e n  
p la c e  e x c lu s iv e ly  a t  C-8  was in d ic a te d  by th e  n .m .r .  spectrum  o f  t h e ; 
p ro d u c t ,  w hich showed th e  p re sen ce  o f  two o rth o  a ro m atic  p ro to n s  (&6.75  
and 7 .3 ”! each  1H, d, J=8H z).
T rea tm en t o f  7 -h y d ro x y -8- iodocoum arin  ( 19) w ith  th e  cuprous
a c e ty l id e  ( 18) f o r  two h ou rs a t  100° i n  p y r id in e  under an i n e r t
atm osphere r e s u l t e d  in  a smooth and c le a n  co u p lin g  to  p roduce th e
21 - is o p ro p e n y lfu ra n  ( 13) in  around 80^ y i e ld .  T h is compound, o ro se lo n e ,
11had  been p r e v io s ly  i s o l a t e d  from Peucedanum o ro se lo n e  and th e  s p e c t r a l
p r o p e r t i e s  o f  th e  s y n th e t ic  m a te r ia l  were in  good agreem ent w ith
th o s e  r e p o r te d  f o r  th e  n a t u r a l .  S h o r t ly  a f t e r  t h i s  work had been
19
com ple ted , S c h re ib e r  and S tevenson  p u b lish e d  a  s im i la r  s y n th e s is  
o f  o ro s e lo n e , though th e  c o n d itio n s  th e y  employed fo r  th e  c o u p lin g  
r e a c t io n  were s l i g h t l y  d i f f e r e n t .
W ith th e  f e a s i b i l i t y  o f  th e  fo rm atio n  o f  th e  2- is o p ro p e n y lfu ra n
moucty by t h i s  method e s ta b l is h e d ,  a t t e n t io n  was now d i r e c te d  tow ard
th e  s y n th e s is  o f  an a r y l  io d id e  p re c u rs o r  s u i ta b le  fo r  e la b o ra t io n
in to  h o r t io lo n e  ( 16) .  The s t a r t i n g  m a te r ia l  fo r  t h i s  s y n th e s is  was
205 , 7 -hydroxycoum arin  ( 21) which was r e a d i ly  p re p a re d  by th e  conden­
s a t io n  o f  p h lo ro g lu c in o l w ith  e th y l  p ro p io la te  in  th e  p resen ce  o f 
z in c  c h lo r id e .
A ll a t te m p ts  to  d i r e c t l y  io d in a te  5 ,7-d ihydroxycoum arin  s e l e c t i v e l y
21
met w ith  f a i l u r e .  T reatm ent o f (21) w ith  io d in e /m e rc u r ic  oxide 
u nder a v a r i e ty  o f c o n d itio n s  always produced m ix tu re s . Unchanged 
s t a r t i n g  m a te r ia l  o n ly , cou ld  be i s o la te d  when 5 , 7-d iace to x y co u m arin
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(22) was t r e a t e d  in  t h i s  way. S c h re ib e r  and S tevenson*^  have r e c e n t ly
r e p o r te d  c o n d i t io n s  whereby p h en o lic  a c e ta te s  may be r e a d i ly
io d in a te d  (Scheme 3) . These in v o lv e  tre a tm e n t o f  th e  a c e ta t e  w ith
io d in e  m onochloride and s i l v e r  a c e ta te  in  a c e t ic  a c id .  However,
5 ,7 -d iac e to x y co u m arin  (22) was s ta b le  to  th e s e  c o n d i t io n s .  I t  was
th u s  c o n s id e re d  th a t  5 ,7 -d ihydroxycoum arin  (21) was to o  r e a c t iv e  to
f a c i l i t a t e  c le a n  io d in a t io n ,  w ith  a  number o f u n d e s ire d  r e a c t io n s
o c c u rr in g , w h i ls t  5 ,7 -d iace to x y co u m arin  (22) was i n s u f f i c i e n t l y
r e a c t i v e .  In te rm e d ia te  a c t i v i t y  i t  was f e l t ,  m ight be e x h ib i te d
by a  5 - 0 - a lk y l-7 -h y d ro x y co u m arin  and a smooth io d in a t io n  r e s u l t .
M ono-preny la t io n  o f  5 ,7 -d ia c e to x y  coum arin was r e a d i ly  ach iev ed
23by r e f lu x in g  in  glyme o r ace to n e  w ith  1 .2  e q u iv a le n ts  o f  3 ,3 -  
d im e th y la l ly l  brom ide in  th e  p re sen ce  o f  p o tassium  c a rb o n a te .
5-Q -( 3 , 3 -D im e th y la lly l)  -7 -h y d r  oxyc oumarin (24) was i s o l a t e d  in  
around 50-60% y i e l d  a f t e r  th e  h y d ro ly s is  o f  th e  co rresp o n d in g  
a c e ta te  (23) (Scheme 4 ) •
By an a lo g y  w ith  u m b e llife ro n e  (2 0 ) , 5 - 0 - ( 3 ,3 - d im e th y la l ly l ) -  
7 -hy  d r  oxyc oum arin ( 24) was a n t ic ip a te d  to  m ono-iod ina te  s e l e c t i v e ly  
in  th e  C-8 p o s i t io n  to  y ie ld  (2 5 ) . On r e a c t io n  w ith  one e q u iv a le n t  
o f io d in e  and m ercu ric  oxide in  ch lo ro fo rm , ( 24) a ffo rd e d  c le a n ly  
one p ro d u c t. T h is compound an a ly se d  f o r  C ^H ^X O ^ and showed on ly  
one a ro m a tic  s i n g l e t  in  i t s  n .m .r .  spectrum . At t h i s  s ta g e , however, 
th e  p o s i t io n  o f  io d in a t io n  co u ld  n o t be a s s ig n e d . A C la ise n  
rea rran g e m en t o f th e  co rresp o n d in g  m ethyl e th e r  shou ld , in  p r in c i p le ,  
a llo w  th e  two p o s s ib le  isom ers ( 26) and (27) to  be d is t in g u is h e d .  I f  
th e  io d in e  i s  a t  C-8 an o rth o -C la is e n  rearran g em en t shou ld  r e s u l t ,
Scheme 5
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w hich w i l l  g iv e  r i s e  t o  compound (28) . In  c o n t r a s t ,  a  p a ra -  
re a rra n g e m e n t sh o u ld  be fav o u red  in  th e  in s ta n c e  o f  a  C- 6  io d in e  
p ro d u c in g  (2 9 ) .  ( 28) and (29) would be r e a d i ly  d is t in g u is h a b le
on th e  b a s is  o f t h e i r  n .m .r .  s p e c tr a .  5- 0- ( 3 , 3- d im e th y a l ly l ) - 7-
0 1
m ethoxy coum arin ( 30) i s  known to  r e a d i ly  undergo  a p a ra -
r e a r  rangem ent on p y r o ly s is  a t  175° to  fu rn is h  (31) (Scheme 5 ) .
25No o r th o  rea rran g e m en t i s  o b se rv ed . Scheinmann h as  su g g es ted  an 
e x p la n a tio n  f o r  t h i s  phenomena (Scheme 6) .  The ’’b u t t r e s s in g  e f f e c t ” 
o f th e  gem-d im e th y l group on th e  a l l y l  s id e  c h a in  h in d e rs  e n o l i s a t io n  
to  such an e x te n t  in  th e  o r th o -d ien o n e  in te rm e d ia te  t h a t  re a r ra n g e ­
ment to  th e  p a ra  p o s i t io n  becomes a c o m p e tit iv e  p ro c e s s .  Thus, 
in  Scheme 6 , rea rran g em en t o f  th e  p re n y l e th e r  ( 31) to  th e  v a c a n t 
o r th o  p o s i t i o n  g iv e s  th e  d ienone (32) in  which in te is c t io n  o f  th e  
d im e th y l group w ith  th e  n e ig h b o u rin g  m eta m ethoxyl h in d e rs  th e  
fo rm a tio n  o f  th e  p s e u d o -e q u a to r ia l  conform er (3 2 ) .  F ree  r o ta t io n  
o f  th e  s id e  c h a in  a llow s th e  fo rm atio n  o f  a conform er (33) which 
p o s se s se s  th e  c o r r e c t  o r ie n ta t io n  fo r  Cope rea rran g em en t to  th e  
p a ra  p o s i t i o n ,  to  y i e ld  th e  therm odynam ically  more s ta b le  p a ra -  
d ienone (34) which e n o l is e s  to  th e  phenol (3 5 ) .
The io d o -p re n y l e th e r  o b ta in e d  above was reco v e re d  unchanged 
when p y ro ly se d  under th e  same c o n d it io n s  which b ro u g h t about th e  
p a ra -re a rra n g e m e n t o f  5 -0 -(  3 , 3-dime th y la lly l)-7 -m e th o x y c o u m a rin  
(3 0 ) .  I n c r e a s in g  th e  te m p e ra tu re  o r th e  r e a c t io n  tim e on ly  b ro u g h t 
abo u t e x te n s iv e  d ecom position . T his ev idence was i n t e r p r e ta te d  as 
su p p o r tin g  th e  assum ption  th a t  io d in a t io n  had o ccu rred  a t  C -8.
The o r th o —dienone rea rran g em en t p ro d u c t ( 36) would be d is fa v o u re d  as
(36)
(25) R = H
(26) R = CH3
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b e fo re ,  b u t  th e  P a ra  p ro d u c t (37) co u ld  n o t ,  i n  t h i s  in s ta n c e ,  
r e a d i l y  a ro m a tis e .  Thus th e  p re n y l e th e r  ( 26) may be therm o­
d y n am ica lly  more s t a b l e  th a n  e i th e r  o f  th e  rea rran g em en t p ro d u c ts  
and c o n se q u e n tly  no re a r ra n g e d  p ro d u c t would be i s o l a t e d .  I t  
was th e r e f o r e  assumed t h a t  io d in a t io n  had ta k e n  p la c e  a t  C-8, an 
assum ption  w hich was t o  be l a t e r  confirm ed , by f u r th e r  ex p e rim en ta l 
e v id e n c e .
5 -0 -(3 ,3 -Q im e th y la lly l) -7 -h y d ro x y -8 - io d o c o u m a rin  (25) was 
r e a d i ly  e la b o ra te d  in to  th e  c o rre sp o n d in g  2 - is o p ro p e n y lfu ra n  ( 38) 
by r e a c t io n  w ith  th e  cuprous a c e ty l id e  ( 18) in  p y r id in e  a t  80 .
The c o u p lin g  was n o t  as  c le a n  as in  th e  ca se  o f  7 -h y d ro x y -8 - 
iodocoum arin  (v id e  su p ra ) . b u t th e  d e s ir e d  p ro d u c t ( 38) co u ld  be 
i s o l a t e d  by chrom atography in  around 60% y ie ld .  T his compound 
p roved  to  be o f  on ly  l im i te d  s t a b i l i t y .  I f  a pu re  sample o f  ( 38) 
w ere s to r e d  in  a s to p p e re d  f la s k  in  th e  open la b o ra to r y ,  w ith in  te n  
days s e v e r a l  new compounds were d e te c ta b le  on t . l . c . ,  though p re s e n t  
in  on ly  t r a c e  am ounts. The n .m .r .  spectrum  o f th e  m a te r ia l ,  a t  
t h i s  s ta g e ,  showed d e g ra d a tio n  p r in c ip a l ly  o f  th e  re so n an ces  due to  
th e  o le f i n i c  p ro to n s  o f  th e  iso p ro p e n y l m oe ity . P erhaps pho to ­
chem ica l D ie ls  A lder ty p e  p ro c e s se s  were o c c u rr in g  h e re .
The s y n th e t ic  s t r a te g y  now en v isag ed  f o r  th e  e la b o ra t io n  o f 
h o r t io lo n e  (1 6 ) ,  r e q u ire d  f i r s t l y  an p r th o -C la is e n  rea rran g em en t 
g iv in g  th e  ph en o l (3 9 ) , fo llow ed  by an is o m e r is a t io n  to  produce th e  
l i n e a r  t r i c y c l i c  system  o f  h o r t io lo n e  (Scheme 7 ) •  The a v a i l a b i l i t y  
o f  th e  key in te rm e d ia te  ( 38) a ls o  opened up a p o s s ib le  s y n th e t ic  
r o u te  to  a n o th e r  2 - is o p ro p e n y lfu ra n  h o rtio n o n e  (40) ,  r e c e n t ly
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i s o l a t e d  by D e lle  Monache and  h i s  c o l la b o r a to r s .  D ep re n y la tio n  
o f  ( 38) ,  fo llo w e d  by is o m e r is a t io n  and m e th y la tio n  would y ie ld  
h o r tio n o n e  (40 ) .
The s t e r i c  i n t e r a c t io n  betw een th e  m ethoxyl group and th e
gem inal m ethy l groups o f  1, 1- d im e th y la l ly l  m oeity  o f o rth o -d ie n o n e s
o f ty p e  ( 33) h as  a lre a d y  been m en tioned . In  th e  case  o f th e  o r th o -
d ienone  (4 1 ) a r i s i n g  from C la is e n  rea rran g em en t o f  th e  iso p ro p en y x -
fu ra n  ( 38) ,  m odels show t h a t  th e  s t e r i c  i n t e r a c t io n  shou ld  be
c o n s id e ra b ly  l e s s ,  as th e  C-7 s u b s t i tu e n t  i s  e f f e c t iv e l y  " t i e d  back”
by i t s  a tta c h m e n t a t  C -8. On t h i s  b a s is  we p re d ic te d  t h a t  th e
C la is e n  rea rran g e m en t o f  ( 38) would p roceed  even though (26) had
been  p re v io u s ly  shown to  be u n re a c t iv e .  N orm ally th e  C la is e n
21re a rra n g e m e n t o f  3 ,3 - d im e th y la l ly l  e th e r s  i s  b ro u g h t abou t by 
+ Qp y r o ly s is  a t  173- 5 in  N ,N -d ie th y la n i l in e  c o n ta in in g  b u ty r ic  
a n h y d rid e , w hich t r a p s  th e  p h en o l^as  soon as i t  i s  form ed^as i t s  
b u ty r a te  e s t e r .  T his i s  in te n d e d  to  p rec lu d e  any f u r th e r  r e a c t io n s ,  
such as th e  abnorm al C la ise n  rea rran g e m en t, which a re  dependent upon 
a  f r e e  p h e n o lic  h y d ro x y l. When th e  iso p ro p e n y lfu ra n  ( 38) was 
p y ro ly se d  in  t h i s  manner on ly  one i s o la b le  compound r e s u l t e d .
Mass spectrum  su g g es ted  a m o lecu la r w eigh t o f  380, which i s  con­
s i s t e n t  w ith  a C la is e n  rea rran g em en t hav ing  o c c u rre d . The n .m .r .  
spectrum  c l e a r l y  showed th e  p re sen ce  o f a b u ty ra te  e s t e r ,  b u t th e  
c h a r a c t e r i s t i c  ABX system  o f th e  o le f in ic  p ro to n s  o f a 1 ,1 -d im e th y l-  
a l l y l  m ocety were a b s e n t.  However, a  two p ro to n  m u l t ip le t  a t  
£ 5  .06 and a b ro ad  s ix  p ro to n  s in g le t  a t  1.63 were a t t r i b u t e d  to  a
1 ,2 -d im e th y la l ly l  g roup . Thus, an abnorm al C la is e n  rearrangem en t^
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m ust have o c c u rre d , y ie ld in g  (42 ) (Scheme 8 ) ,  d e s p i te  th e  p re sen ce
o f  th e  t r a p p in g  a g e n t .  The abnorm al rea rran g em en t must have been
e x tre m e ly  r a p id ,  f o r  i t  c o u ld  on ly  have o ccu rred  b e fo re  th e  tr a p p in g
26o f  th e  p h e n o l. I t  i s  known , how ever, t h a t  th e  abnorm al r e a r ra n g e ­
ment o f  a  1 , 1 -d im e th y la l ly l  pheno l i s  o f te n  as f a s t ,  i f  n o t f a s t e r ,  
th a n  th e  rea rra n g e m e n t o f th e  co rre sp o n d in g  3 , 3 -d im e th y la l ly l  e th e r .  
T hat th e  1 ,2 -d im e th y la l ly l  group i s  therm odynam ically  more s ta b le  
th a n  th e  1 , 1 -d im e th y la l ly l ,  in  t h i s  system , i s  r e a d i ly  r a t i o n a l i s e d .  
E xam ination  o f  models show t h a t  s t e r i c  in t e r a c t io n  betw een th e  s id e  
c h a in  and th e  fu ra n  r in g  a re  a p p re c ia b ly  l e s s  in  th e  ca se  o f  th e
1 , 2 -d im e th y la l ly l  group th a n  in  t h a t  o f  th e  1 , 1 -d im e th y la lly l  m oe ity , 
th u s  fa v o u r in g  th e  fo rm er. The o ccu rren ce  o f  t h i s  abnorm al C la is e n  
rea rra n g e m e n t confirm ed  th e  assignm ent o f  io d in a t io n  o f  ( 24) a t  C -8. 
The abnorm al rea rran g e m en t observed  can only  r e s u l t  where a 1 ,1 -  
d im e th y la l ly l  group i s  o r th o  to  a phenol (Scheme 8 ) .  I f  io d in a t io n  
had  o c c u rre d  a t  C-6 a l i n e a r  fu ra n  system  (43) would have been form ed 
on c o u p lin g  and co n seq u en tly  th e  C la is e n  rea rran g em en t p ro d u c t would 
have c o n ta in e d  a 3>3 -d im e th y la l ly l  group p a ra  to  a p h en o l.
H y d ro ly s is  o f  th e  b u ty ra te  (42 ) w ith  1$ sodium hyd rox ide  in  
m ethanol a t  r e f lu x  f o r  15 m in ., p roduced two iso m e ric  compounds 
(w hich were i s o l a t e d  a s  t h e i r  m ethyl e t h e r s ) . On in c re a s in g  th e  
r e a c t io n  tim e  to  1h r. on ly  one compound was produced  (a g a in  i s o l a t e d  
a s  a m ethy l e t h e r ) . These compounds were shown to  be th e  an g u la r  
fu ra n  (44) and. i t s  l i n e a r  analogue (4 5 ) , th e  l a t t e r  b e in g  form ed 
e x c lu s iv e ly  from  th e  lo n g e r  h y d ro ly s is .  I t  i s  i n t e r e s t i n g  to  n o te  
t h a t  in  th e  n .m .r .  spectrum  o f  th e  an g u la r fu ra n s  (42) and (44) th e
CH
(46)
(38)
T able 3
Compound
(4-4)
(45)
Eu( fod) ^Induced S h i f t  ( r e l a t i v e  to  H~3='l)
H-3
0.36
0.085
H-5
0 .1 3
0.26
. Scheme 9
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o l e f i n i c  s ig n a l s  o f th e  1 ,2 -d im e th y la l ly l  group appear a s  a two
p ro to n  b ro ad  s i n g l e t ,  w h ils t  in  th e  l i n e a r  compound (45) two b ro ad
s in g l e t s  a re  o b se rv ed . Base induced  opening o f th e  coum arin  r in g ,
fo llo w ed  by r e c y c l i s a t i o n  in  th e  a l t e r n a t iv e  mode acco u n ts  f o r  t h i s
i s o m e r is a t io n .  That th e  l i n e a r  isom er i s  fav o u red  in  t h i s  system
27i s  p e rh ap s  s u r p r is in g ,  as  tre a tm e n t o f b e rg a p to l (6) w ith  
a lk a l in e  d im e th y l su lp h a te  g iv e s  e x c lu s iv e ly  is o b e rg a p te n  ( 46) .
The isom ers (44) and (45) were r e a d i ly  d is t in g u is h e d  by th e  E u (fo d )^  
in duced  s h i f t s  o f t h e i r  r e s p e c t iv e  n .m .r .  s p e c t r a .  P a r t i c u l a r l y  
c h a r a c t e r i s t i c  were th e  s h i f t s  induced  fo r  th e  fu ra n  p ro to n s  and th e  
o l e f i n i c  p ro to n s  o f  th e  1 ,2 -d im e th y la l ly l  s id e  c h a in s  ( s e e  T able 3) .  
The r e l a t i v e  m agnitudes o f th e se  s h i f t s  were in  agreem ent w ith  th o s e  
e x p e c te d  f o r  th e  s t r u c tu r e s  (44) and (45) as a s s ig n e d .
I t  was f e l t  t h a t  an in tra m o le c u la r  t r a p p in g  o f  th e  pheno l
form ed on o r th o -C la is e n  rearrangem en t may be more f a c i l e  th a n  th e
in te rm o le c u la r  method a lre a d y  u t i l i s e d  and t h i s  may e l im in a te
th e  abnorm al re a rra n g e m e n t. I f  th e  coum arin ic a c id  (4 7 ) ,  or
e q u iv a le n t ,  co u ld  be form ed, th en  o r th o -C la is e n  rea rran g em en t
sh o u ld  r e s u l t  in  a r a p id  r e l a c to n i s a t io n ,  h o p e fu lly  p re c lu d in g  th e
abnorm al rea rran g e m en t, and b r in g in g  about th e  d e s ir e d  a n g u la r -
l i n e a r  is o m e r is a t io n  (Scheme 9/ • Tt has lo n g  been  known th a t
28tre a tm e n t o f  coum arins w ith  a lk a l in e  d im ethy l s u lp h a te  can r e s u l t  
i n  t r a p p in g  o f  th e  r in g  opened p ro d u c t as i t s  p h e n o lic  m ethyl e th e r  
(Scheme 1 0 ). Only s t a r t i n g  m a te r ia l  however, co u ld  be reco v e re d  
when ( 38) was r e a c te d  w ith  1M sodium hydroxide and a la rg e  ex cess  o f 
d im e th y l s u lp h a te  under a v a r ie ty  o f c o n d it io n s .  The u t i l i s a t i o n  o f
Scheme 10
c o 2 h
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s t ro n g e r  b ase  ( e .g .  30$ w ./v .  sodium hydrox ide) o r o f  ex tended  
r e a c t io n  tim es  le d  on ly  to  e x c e ss iv e  deco m p o sitio n . No r in g  opened 
p ro d u c ts  c o u ld  b e  i s o la te d  from r e a c t io n  o f  (38) w ith  sodium m ethoxide 
i n  m e th an o l. Thiophenoxide r in g  opening p roved  s im i la r ly  f r u i t l e s s .  
I t  would a p p e a r, in  t h i s  system , t h a t  th e  c lo se d  ch a in  form  i s  so 
fa v o u re d , t h a t  when th e  la c to n e  r in g  opens under th e  in f lu e n c e  
o f  b ase  ( o r  n u c le o p h ile )  i t  c lo s e s  a g a in  ex trem ely  r a p id ly .
A tte n t io n  was now tu rn e d  tow ard  th e  d e p re n y la t io n  o f  (38) w ith
two o b je c t iv e s  in  mind; th e  proposed  s y n th e s is  o f  h o rtio n o n e  (40)
t h a t  h as  a l re a d y  been d e sc r ib e d  and an a l t e r n a t iv e  ro u te  to
h o r t io lo n e  ( 16) .  P a ra -C Ia ise n  rea rran g em en t o f  th e  1 , l^ d im e th y la l ly l
e th e r  (48 ) would le a d  to  th e  l a t t e r .  The rem oval o f  p re n y l e th e r s
29by r e a c t io n  w ith  d i l u te  m in e ra l a c id  i s  a w e ll documented p ro c e s s .
R e f lu x in g  ( 38) in  m ethanol c o n ta in in g  one drop o f c o n e . h y d ro c h lo r ic
a c id  fo r  1 h r . ,  produced  a complex m ix tu re , th e  n .m .r .  spectrum  o f
w hich in d ic a te d  th a t  a t ta c k  a t  th e  iso p ro p e n y lfu ra n  was a s i g n i f i c a n t
p ro c e s s .  A smooth d e p re n y la tio n  was observed  when th e  model system
o
(49) was r e a c te d  w ith  boron tr ib ro m id e  a t  -7 8  , in  a p ro c e ss  w hich
30i s  a d i r e c t  analogy  to  th e  known d em eth y la tio n  r e a c t io n .
However, ( 38) gave on ly  a complex m ix tu re  w ith  a t ta c k  a t  th e  
is o p ro p e n y lfu ra n  m oeity  again  o b served . C le a r ly  d e p re n y la tio n  
m ust be a ch iev ed  b e fo re  th e  iso p ro p e n y lfu ra n  i s  c o n s tru c te d , i f  an 
a c id ic  te c h n iq u e  i s  t o  be used .
A lthough 5 - 0 - ( 3 , 3 -d im e th y la lly l) -7 -h y d ro x y -8 - io d o c o u m a rin  (25) 
can  be r e a d i ly  d e p re n y la te d  u n d e s ire d  s id e  r e a c t io n s  occur in  each
Table L
A ttem pted D em ethv lations o f  H e rn ia r ln  (50)
R eagent
L i l /C o l l id in e
NaCN/DtSO
EtS°/DMF
LiF/DMSO
(GH3) 3SiGl/NaI
P ro d u c t
D ecom position
S ta r t in g  m a te r ia l
I !  ft
R efe re n ce
32
33
34
35
C H O
(50) (51)
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in s t a n c e .  C oncom itant lo s s  o f io d in e  o ccu rs  on r e a c t io n  w ith  
h y d ro c h lo r ic  a c id ,  w h ils t  r e a c t io n  w ith  boron tr ib ro m id e  a t  
-7 3  fu r n is h e s  a  m ix tu re  o f a t  l e a s t  th r e e  com ponents, though 
d e p re n y la t io n  was c l e a r ly  in d ic a te d  from th e  n .m .r .  spectrum  o f  
th e  c ru d e  p ro d u c t.
S e le c t iv e  io d in a t io n  a t  th e  C-8 p o s i t io n  r e q u ir e s  t h a t  th e  
C-5 h y d ro x y l be p ro te c te d  as an e th e r .  A number o f  p r o te c t in g  
g roups o th e r  th a n  th e  p re n y l e th e r ,  which may be removed w ith o u t 
th e  u n d e s ire d  s id e  r e a c t io n s  m entioned above were now in v e s t ig a te d .
315 -  Me t h  oxy- 7 -hy d r oxy c oumar in  i s  known in  th e  l i t e r a t u r e  and
a  v a r i e ty  o f n o n -a c id ic  methods have been d e sc r ib e d  f o r  th e  
rem oval o f  m ethy l e th e r s .  7-M ethoxycoum arin (50) was u sed  as a 
model to  t e s t  some o f th e se  methods and th e  r e s u l t s  a re  summarised 
i n  T ab le 4« The m ethyl e th e r  i s  c l e a r ly  n o t a s u i ta b le  p r o te c t in g  
g ro u p . S e le c t iv e  fo rm atio n  o f  e i th e r  a THP o r MEM e th e r  a t  th e  
5 - p o s i t io n  p roved  im p o ss ib le  by s ta n d a rd  te c h n iq u e s . A to s y la t e  
was a l s o  c o n s id e re d  to  be an u n s u ita b le  p r o te c t in g  g roup, as  a lth o u g h  
i t  was a n t ic ip a te d  t h a t  5 ,7 -d iace to x y co u m arin  co u ld  be s e le c t iv e ly  
m o n o to sy la te d , d e to s y la t io n  o f th e  model system  ( 5 1) re q u ire d  f o r c in g  
a c id  c o n d it io n s  ( r e f lu x in g  w ith  5M h y d ro c h lo r ic  a c id  in  m e th an o l) .
The coum arin double bond o f u m b e llife ro n e  b en zy l e th e r  p roved more 
l a b i l e  tow ard  h y d ro g en a tio n  th an  th e  benzy l e th e r  to  h y d ro g e n o ly s is .
I t  was f e l t  t h a t  i f  s e le c t iv e  f u n c t io n a l i s a t io n  o f  5 ,7 -d ih y d ro x y -  
coum arin  (21) cou ld  be ach ieved  a t  C-7, g iv in g  sp e c ie s  o f  type  (52)
R(22) R = +COCH
(53) R = tcOPh
3 (54)
'(55)
PhOC
(56)
(57)
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"then io d in a t io n  a t  C—6 m ight be p o s s ib le .  As a lk y la t io n  o ccu rs
more r e a d i ly  a t  C-5 th a n  a t  C-7 o f  5 ,7 -d iace to x y co u m a rin  (22) i t
m igh t be a n t ic ip a te d  t h a t  th e  C-5 e s t e r  would be more s u s c e p t ib le
to  b ase  h y d r o ly s is .  The d ib e n zo a te  (53) was chosen  to  t e s t  t h i s
h y p o th e s is  in  p re fe re n c e  to  th e  d ia c e ta te  (22) as b en zo a te s  
36a re  known to  h y d ro ly se  more slow ly  th a n  a c e ta te s  and th u s  th e
r e a c t io n  may be more c o n t r o l la b le .  M ono-hydrolysis o f  (53) c o u ld
in d e ed  by a ch iev ed  by r ig o ro u s  c o n tro l  o f  th e  amount o f  base  u se d ,
and o f  th e  r e a c t io n  tim e. 5 -H ydroxy-7-benz^oxycoum arin  (54-) c o u ld
be re c o v e re d  in  around 6 0 %  y i e ld  from t h i s  r e a c t io n ,  though t r a c e s
(^5$) o f  th e  c o - c r y s ta l l i n e  isom er, 5-benzt^Loxy-7-hydroxycoum arin
(55) were d e te c ta b le  on t . l . c .  These compounds .were r e a d i ly
i d e n t i f i e d  by m e th y la tio n  fo llow ed  by h y d ro ly s is  o f  th e  b e n z o a te ,
31w hich y ie ld e d  th e  two monomethyl e th e r s  i d e n t i f i e d  by com parison 
w ith  a u th e n t ic  sam ples.
On io d in a t io n  o f ( 54) w ith  io d in e /m e rc u r ie  oxide on ly  one 
compound c o u ld  be i s o la t e d  (a s  i t s  m ethyl e th e r )  in  v e ry  low y i e l d  
(22 % ) , T h is  was s u r p r is in g ly  th e  d iio d o  compound (5 6 ) .  No 
monoiodo compounds cou ld  be i s o la te d .
37R e c e n tly , Cambie e t  a l  have p u b lish e d  c o n d it io n s  whereby 
p h en o ls  may be s e le c t iv e ly  io d in a te d  in  th e  o r th o  p o s i t io n .  These 
in v o lv e  tre a tm e n t w ith  io d in e  in  th e  p resen ce  o f  th a ll iu m  ( i l )  
s a l t s .  (54) i f  r e a c te d  in  t h i s  way shou ld  y ie ld  5 -h y d ro x y -6 -io d o - 
7 -benzy loxycouraarin  (57) which is^ a n  id e a l  in te rm e d ia te  fo r
(40)
(16)
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e la b o r a t io n  in to  h o r t io lo n e  (16) and h o rtio n o n e  ( 40) .  However, 
( 54) <tid n o t  r e a c t  c le a n ly  to  th e s e  c o n d itio n s  a s  a c o n s id e ra b le  
amount o f  decom position  r e s u l t e d  and a t  l e a s t  th r e e  compounds were 
form ed . D iio d in a tio n  was ag a in  observed .
50.
P a r t  1 
E xperim en ta l
51.
5 -0 - ( 1 . 1 -D im ethy lp ropargv l) b ergap to l ( q)
P o ta ss iu m  c a rb o n a te  (4*4g) and potassium  io d id e  (0 .51g) 
were added to  a s t i r r e d  s o lu tio n  o f b e rg a p to l (6) (3g) in  aqueous 
ace to n e  ( 2,% v . / v . ;  250ml) and s t i r r e d  fo r  1hr. a t  r . t .  3 -C h lo ro -3 - 
m e th y lb u t-1 -y n e  (4»4g) was added and th e  m ix ture re f lu x e d  fo r  2 0h r. 
P o tass iu m  c a rb o n a te  (4*4g) and 3 -ch lo ro -3 -m eth y lb u t-1 -y n e  (4 .4 g ) 
were th e n  added and r e f lu x in g  co n tin ed  fo r  a f u r th e r  4 h r .  Work-up 
I  gave a brown gum (5 .1 g ) .  P u r i f ic a t io n  by p rep  t . l . c .  (CHCl^xl) 
gave a  y e llo w  o i ly  s o l id  (2 .0 3 g ) . T r i tu r a t io n  w ith  e t h e r /p e t r o l  
fo llo w ed  by c r y s t a l l i s a t i o n  o f th e  s o l id  re s id u e  from CHCl^ a ffo rd e d  
5 - 0 - ( 1 , 1 -d im e th y lp ro p a rg y l)  b e rg a p to l ( 9) as yellow  n e e d le s , m .p. 
111-112* ( l .2 5 g ,3 0 /Q . Found: 0^71.8 ; H, 4 . 6 . C ^ H ^ O  re q u ir e s  
C, 7 1 .6 5 ; H, 4 * 4 5 /0 ; n .m .r .  s ig n a ls  a t  S 1.75 (6 K ,s ) , 2 .50 ( 1 H , s ) ,
6 .30  and 8 .1 7  (each  lK ,d , J=9.5H z), 6 .68 and 7 .56  (each  lH ,d,J=2H z) 
and 7 .3 3  ( 1 H , s ) ;  3290, 3130, 2100, 1730 and 1625cm” 1; mass
spectrum  peaks a t  m/e 268 (M+, 15/0, 202 (1 0 0 ). 174 (42) and 145 (21) . 
E v a p o ra tio n  o f  th e  mother l iq u o r s  o f t r i t u r a t i o n  gave a yellow  o i l  
(.0 .6 lg ) w hich, a f t e r  p re p , t . l . c .  (CHCl^xl) and c r y s t a l l i s a t i o n  from 
E tO A c/p e tro l gave 5 -0 -8 -b is  ( 1 , 1 -d im ethy lp ropargy l) b e rg a p to l (10) 
as y e llo w  n e e d le s  m .p. 92-95 (0.41g> 9 /0 ; n .m .r .  s ig n a ls  a t  8 2 .0 1
( 12H,s) 2.31 ( 1 H , s ) ,  2.50 ( 1 H ,s), 6 .32  and 8 .19  (each  lH ,d,J=9-5H z) 
and 6 .6 8  and 7 .5 6  (each  lH ,d ,J -2 H z); mass s p e c t r a l  peaks a t  m / e  
334 (M+ , 14# ) ,  268 ( 9 5 ), 253 (100 ), 202 ( 92) and 174 (3 8 ) .
52.
5 - 0 - ( 1 .1 -D im e th y a llv l)  b e rg a p to l (8 )
5 %  Pd-Ba30^(40mg) was added to  a s o lu tio n  o f (9) (l65mg) in  
e th y l  a c e ta t e  (1 5 m l). A fte r  hydrogenation  a t  r . t .  fo r  0 .5 h r .  
th e  u p ta k e  o f  was 1 m ole. F i l t r a t i o n  th rough  c e l i t e  fo llo w ed  
by e v a p o ra tio n  o f  s o lv e n t gave (8) as a yellow  s o l id ,  m .p. 115-116 
(l60m g. 9 5 $ ); n .m .r .  s ig n a ls  a t  & 1,48 (6 H ,s ) , 4 .9 8  ( 2H,AB p a r t  o f 
ABX), 6 .1 2  (1H,X p a r t  o f ABX), 6 .23  and 8.10 (each  lH ,d ,J= 9 -5H z),
6 ,70  and 7 .5 8  (each  lH ,d ,J=1Hz) and 7.15 ( 1 H , s ) .
o a ra -G la is e n  rea rran g em en t
The e th e r  (8) ( l60mg) was h ea ted  in  a su b lim a tio n  b lock  a t
120° f o r  1 h r. On co o lin g , th e  yellow  s o l id  re s id u e  was p u r i f i e d
by p re p , t . l . c .  (E tO A c/P etro l 7i3*Xl) to  g ive (6) and
(12) which c r y s t a l l i s e d  from E tO A c/Petro l as yellow  n e e d le s , m .p.
231-235° ( l i t . 8 2 1 3 -2 1 ^ )  (89mg; 56%) (Found: C ,7 1 .0 ; H ,5 .3 -
^16^14^4 reclu ^r e s  0 ,7 1 .1 ;  H ,5 -2 /0 ; n .m .r .  s ig n a ls  a t  S 1 *73 (6 H ,s ) ;
4 .8 7  (2H,AB p a r t  o f  ABX), 6 .10  and 8.23 ( 1H ,d,J=9.5H z); 6.31
KBp
(1H,X p a r t  o f  ABX) and 7.05 and 7 .70  (each  1H,d, J=2Hz); 0 ^
3150, 1690 and 1610cm"1; > Me0H 253 , 267 ( s h ) , 274, 292 and 315nm 7 ' max
( lo g  4 .0 1 , 4 .2 2 ,  4 .2 6 , 4 .0 2  and 3 -9 5 ); ( in  base) 237 , 2 6 2 (sh ),
291, 332 and 402 nro ( lo g  4 -0 5 , 3 .9 1 , 4 -3 1 , 3.85 and 3 .5 3 ); mass 
s p e c t r a l  p eak s  a t  m / e  270 (M , S 2 % ) , 2.55 (1 0 0 ), 227 ( 7 9 ), 215(71) 
and 199 (44) .
F u ro o in n a r in  (5 )
A s o lu t io n  o f  (12) ( 200mg) in  e th e r  ( 100ml) was k e p t w ith  a
53.
1 0 -fo ld  e x c e ss  o f  e th e r e a l  diazom ethane fo r  24h r .  E v ap o ra tio n  o f 
th e  s o lv e n t and p u r i f i c a t i o n  o f  th e  re s id u e  by p re p , t . l . c .  
(E tO A c/P e tro l 1 :1 ,x l )  a ffo rd e d  ( 5) which c r y s t a l l i s e d  from benzene— 
hexane a s  y e llo w  n e e d le s , m .p. 124-127* ( l i t 51 2 4 -125*) (l82mg,90%) 
(Found: 0 ,7 1 .8 5 ;  H ,5 .4  re q u ire s  0 ,7 1 .8 5 ; H ,5.65% ); n .m .r .
s ig n a ls  a t  S 1 .7 8  (6 H ,s ) ,  4 .17 (3 H ,s ) , 5 .00 ( 2H,AB p a r t  o f ABX),
6 .20  and 8 .1 0  (eac h  1H,d,J=9*5Hz), 6 .43  ( 1H,X p a r t  o f ABX) and 6 .96
and 7 .4 9  (e a c h  1H,d, J=2Hz)', o C C \  2998, 1743, 1622 and 1478cm"1;
22^> 2^ >  2^° and 315nm ( lo g  4 . 11, 3 .94 , 3 .96  and 3 .7 9 );illdJV
mass s p e c t r a l  peaks a t  m/e 284 (M+, 95%), 269 (1 0 0 ), 241 (3 0 ) ,
229 (6 3 ) .  202 (96) and 174 ( 61) .
187-Hydroxy r  8 - io d o co u r.a rin  (1 9) .
U m b e llif  erone  (20) ( 10g) was d is so lv e d  in  2 0 %  aqueous ammonia 
(250ml) and to  t h i s  s o lu t io n  was added dropw ise, w ith  s t i r r i n g ,  a 
s o lu t io n  o f  io d in e  ( l6 .7 g )  in  10% aqueous po tassium  io d id e  (200m l). 
A f te r  th e  a d d i t io n  was com plete the  s o lu tio n  was n e u t r a l i s e d  w ith  
5M s u lp h u r ic  a c id .  The r e s u l t a n t  p r e c ip i ta te  was f i l t e r e d ,  washed 
w ith  w a te r , d r ie d  in  vacuum and d eco lo u rised  w ith  c h a rc o a l. 
C r y s t a l l i s a t i o n  from e th y l  a c e ta te  a ffo rd ed  7 -hydroxy ,' 8-iodocoum arin  
(15* 1g 84%) as  c o lo u r le s s  n eed les  m.p. 266-268 ( l i t .  m .p. 268 ) ;  
n .m .r .  s ig n a l s  ( d ^ -d im ethy lsu lphox ide) a t 9 6 .0 3  and 7 .63  (each  1H, 
d ,J= 9 .5 H z), and 6 .75  and 7.31 (each  lH ,d ,J=8H z)j ^ max 3200, 1700,
1610 and 1600cm 1 .
P re p a ra t io n  o f  th e  cuprous a c e tv lid e  ( 18)
To a s t i r r e d  s o l u t i o n  o f C u .S O ^ O  ( l .8 7 g )  in  30% aqueous
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ammonia ( 10ml) was added, under n itro g e n , w ater (35m l). The 
s o lu t io n  was co o le d  to  0°and hydroxylam ine h y d ro ch lo rid e  (0 .52g ) 
was added . 2 -M ethy l-1 -bu tene-3 -yne  (0 .50g) in  e th a n o l (7ml) was 
th e n  added and th e  r e s u l t a n t  yellow  p r e c ip i ta te  was f i l t e r e d ,  
washed w ith  w ater, e th a n o l and e th e r ,  then  d r ie d  in  vacuum to  fu rn is h  
th e  cuprous a c e ty l id e  (18; 0 .9 1 g ) .
O roselone (13)
A s o lu t io n  o f  7-hydroxy-8-iodocoum arin  (19) (300mg) and th e
cuprous a c e ty l id e  (18) (225mg) in  p y r id in e  ( 15ml) was s t i r r e d  
+ *under a rgon  a t  100- 5 fo r  2 h r. Work-up I I  fu rn ish e d , a f t e r  c r y s t a l l ­
i s a t i o n  from  ch lo ro fo rm , o roselone as yellow  n eed le s  ( 179mg, 79%) 
m .p. 187-189° ( l i t ?  188-189 ) ;  n,m . r .  s ig n a ls  a t  S  2 .16  (3H ,d ,J=  1Hz)^ -
5 .29  ( 1H,m), 6 .3 9  and 7 .8 2  (each  lH ,d ,J= 9 .5H z), 6 .97  ('1H,s) and
7 .3 7  ( 2 H > s ) ; 0 ^ £  1?20, 1610, 1550, and 1295cm“ ?  > ™ H 282 and
297nm ( l o g € 4 .6 0  and 4*49); m a s s  s p e c t r a l  peaks a t  m/e 226 (M+; 5 0 % ) ,
225 (1 0 0 ) , 2 0 0 (3 3 ), 199 (9 8 ) , 193(30), and 181 (5 3 ) .
E th v l P r o n i o l a t e ^
A m ix tu re  o f p ro p io l ic  a c id  (2 0 g ), d ry  e th a n o l (60ml) and 
conc . s u lp h u r ic  a c id  (3*32]l )  was k ep t a t  r . t .  f o r  40h r . ,  th en  
d i lu te d  w ith  w a te r (200ml) and e x tra c te d  w ith  e th e r .  The combined 
o rg an ic  l a y e r s  were washed w ith  d i l .  sodium c a rb o n a te , b r in e  to  
n e u t r a l i t y  and d r ie d .  D i s t i l l a t i o n  a ffo rd e d  e th y l  p ro p io la te  
( 14g, 50%), b .p .  117-118° ( l i t ?  b .p .  1 1 9 /745mm).
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205 . 7-D ihvdroxvc oumarin (21)
P h lo ro g lu c in o l d ih y d ra te  (8 .1 0 g ), e th y l p ro p io la te  (V.35g) 
and z in c  c h lo r id e  (6 .80g) were mixed to g e th e r  and h e a te d  in  an 
o i l  b a th  a t  115- 5° fo r  2h r. The r e s u l t a n t  yellow  s o l id  on 
c r s t a l l i s a t i o n  from w ater a ffo rd ed  5, 7-dihydroxyc oumarin as a  l i g h t  
ta n  s o l id  (6 .5 8 g , 7 4 ^  m .p. 267-270 decomp, ( l i t ? 0 m .p. 280 decom p.).
5 .7 -D iacetoxvcoum arin  (22)
A s o lu t io n  o f 5 ,7-dihydroxycoum arin (6 .5g ) in  a c e t ic  anhydride
(200m l) was s t i r r e d  fo r  I8 h r. a t  r . t .  in  th e  p resence o f anhydrous
sodium a c e ta te  ( lO g ). The so lu tio n  was th en  f i l t e r e d  and th e  s o lv e n t
removed under reduced  p re s s u re .  The re s id u e  on c r y s t a l l i s a t i o n
from e th y l  a c e ta te ,  fu rn ish ed  (22) as c o lo u rle s s  n eed les  (8 .8 9 g ,
93$) m .p. 139-140 .5°( l i t ? 0 m .p. 139.5-14'' )> n .m .r . s ig n a ls  a t
S2 .37  (3 H ,s ) ,  2 .45 (3 H ,s ) , 6 .33 and 7 .70 (each  1H, d, J=9.5 Hz)
and 7 .00  (2H,m ); 1778, 1730 and 1630cm""1; mass spectrumma.x
showed M+ a t  m / e  262.
3 , 3 -D im ethv la llv lb rom ide
Iso p re n e  ( 100ml, 68g) and a so lu tio n  of hydrogen bromide in  
g l a c i a l  a c e t ic  a c id  (45$ w ./v . , 168ml) were cooled  to  0 and th e n  
m ixed. The s o lu tio n  was kep t a t  -5 fo r  3 days, th en  d i lu te d  w ith  
ic e d  w ate r ( 1500m l)• The ye llo w ish  o i l  which se p a ra te d  was washed 
w ith  . s a t .  sodium b ic a rb o n a te , b r in e  and d r ie d  over anhydrous calcium  
c h lo r id e .  D i s t i l l a t i o n  o f th i s  o i l  a t  65-68 /68mm y ie ld e d  3 ,3 -  
d im e th y la l ly l  bromide ( 108g, 72/j) .
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P ren v la tion  o f 5 .7 -d ia ceto x v c  oumarin
A m ix tu re  o f  5>7-d iacetoxycoum arin  (3»3g) , po tassium  ca rb o n a te  
(5 .9 g ) and f r e s h ly  d i s t i l l e d  3 ,3 -d im e th y la lly l bromide ( 2 . 30g) in  
1, 2-dim e thoxye th a n e  ( 65ml) was re f lu x e d  fo r  1h r .  Work-up I  gave a 
yellow  o i l  w hich a f t e r  p u r i f i c a t io n  by column chrom atography (Grade 
I I I  n e u t r a l  alum ina) fu rn ish e d ;
i )  5 - 0 ,7 - Q - b is ( 3 , 3 -d im e th v la llv l)co u m arin  (l65mg, 7 % ) as c o lo u r le s s
o 99 &
n e e d le s  m .p . 76-80 ( l i t .  m .p. 79-80 ) ;  n .m .r .  s ig n a ls  a t  & 1.80
( l2 H ,b s ) ,  ^ .5 7  (4 H, bd, J=6.5H z), 5 .50 ( 2H, b t ,  J=6.5H z), 6 .10 and
7 .9 6  (eac h  1H, d , J=9.5Hz) and 6 .30 and 6.40 (each  1H, d, J= 2Hz) .
i i )  5 -0 -(  3. 3 -d im e th y la lly l) -7 -a c e to x v  coum arin (23) (2 .20g ,
61^) a s  c o lo u r le s s  n e e d le s  (from  e th e r-a c e to n e )  m .p. 127- 129°
(Found: Cj66. 8 8 ; H ,5 .5 8 . ^0„ re q u ire s :C , 6 6 .66 ; H ,5 .5 9 /0 ;
n .m .r .  s ig n a l s  a t S 1.79 ( 6H ,s ) ,  2.35 (3 H ,s ) , 4*56 ( 2H, bd, J=6.5
H z), 5 .50  ( 1H, b t ,  J= 6 .5H z), 6 .23  and 8 .06  (each  1H, d, J=9 . 5Hz) and
m  -1
6 .4.0 and 6 .6 3  (e a c h  1H, d, J= 2H z ) „ 4  1773, 1749, 1623 and 1612cm ;max
mass s p e c t r a l  peaks a t  m/e 288 (M+ , 3/0 > 220 ( 20) ,  178 (3 4 ); "150 
(3 6 ) ,  69 (100) and 4*1 (9 6 ) .
5 -0 —( 3 .3 -d im e th y la l ly l )  - 7 -hvdroxy coumarin ( 24)
The a c e ta t e  ( 23) (2 .20g) was d is so lv e d  in  m ethanol ( 30ml) and 
sodium b ic a rb o n a te  ( 1 .3m l, 1% w ./v.) added. The s o lu tio n  was re f lu x e d  
fo r  0 .7 5 h r . ,  a llow ed  to  c o o l, and c a r e fu l ly  n e u t r a l i s e d  w ith  0 . 1M 
h y d ro c h lo r ic  a c id .  The m ix ture was d i lu te d  w ith  w ater and e x tra c te d  
w ith  e th y l  a c e ta t e .  The combined o rgan ic  la y e r s  were washed w ith  
b r in e ,  d r ie d  and ev a p o ra te d . The r e s id u e , on c r y s t a l l i s a t i o n  from
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e th e r ,  a ffo rd ed . (24-) s.s c o lo u r le s s  p la te s  m.p* 142—144 ( l i t . ^ ^  m .p.
143-145  ^ ) ;  (Found: C ,68 .0 0 ; H ,5 .7 5 . C14H1404  re q u ire s :  C ,68 . 30 ;
H ,5 .75%); n .m .r .  s ig n a ls  (d ^ -ace tone) a t  8 1 .7 3  (3H, b s ) ,  4 .5 2  ( 2H, 
bd, J= 6 .5H z), 5*47 ( 1H, b t ,  J=6 . 5H z), 6 .05 and 8 .06  (each  1H, d, 
J=9-5H z), 6 .3 9  and 6 .6 3  (each  1H, d, J= 2Hz) and 7 .70* (1H, s ) ;
^ 4  3600, 3330, 1745,1716 and 1705cm'1; 248, 256 and 330nm
( lo g  3 .7 1 , 3*85 and 4 -1 3 ) ; ' ‘5 ^ ^  (b ase) 236, 271 and 384nm; mass
HIclX
s p e c t r a l  peaces a t  ir/e  246 (M+ , 8%), 231 (5 ) ,  191 (1 5 ) , 179 (1 0 ) ,
178 (8 9 ) ,  150 ( 36) ; and 69 (1 0 0 ).
5 - 0 - ( 3 .3 - d im e th y la l ly l )  -7 -h v d ro x v -8 - iodocoum arin ( 25)
To a  s o lu t io n  o f ( 24) ( 100mg) in  chloroform  (30ml) c o n ta in in g  
ace to n e  (5m l) were added in  p o r t io n s ,  w ith  shak ing , io d in e  ( 105mg) 
and m e rc u ric  ox ide  (90mg) and shaking co n tin u ed  u n t i l  a l l  th e  io d in e  
c o lo u r  had  d is p e r s e d .  The s o lu t io n  was then  f i l t e r e d  th rough  
c e l i t e ,  th e  f i l t e r  pad th o ro u g h ly  washed w ith  ch lo roform  and th e  
s o lu t io n  w ashed w ith  d i l .  sodium th io s u lp h a te ,  b r in e  and ev ap o ra ted . 
The r e s id u e ,  on c r y s t a l l i s a t i o n  from e th y l a c e ta t e /p e t r o l ,  d in ish e d
o
(25) (I07mg,71%) as yellow  n eed le s  m .p. 163-165 . Found: C ,4 5 .16 ;
H, 3 .2 4 ; I ,  3 4 .1 9 ; C .H ~I0 r e q u ire s  C, 4 5 .1 ; H, 3 .4 9 ; I ,  3 4 .1 3 # );
14 >5 4
n.m.r.  s ig n a l s  ( cL -acetone) a t  51.81 (6 H ,s ) , 4*76 (2H ,bd, J=6.5H z),
5 .58  ( lH ,b t ,J = 6 .5 H z )  6 .1 8  and 8.00 (each  1H,d, J=9.5Hz) and 6 .6 8  
(1H ,S) ;  ^ KBr 3325, 1700, 1600, 157, 1386 and 1240cm" ; mass s p e c t r a l  
peaks a t  m/e 372 (M+,11%), 305 ( 20), 304 (100 ), 280 ( 5 0 ), 279 (15) 
and 247 (10) .
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5 - 0 - ( 3 .3 -d im e th y la l ly l )  -7-m ethoxy-8-iodocouinarin  ( 26)
P o ta ss iu m  c a rb o n a te  (200mg) and m ethyl io d id e  (1ml) were added
to  a  s o lu t io n  o f  (25) ( 144mg) in  ace tone (15ml) and th e  m ix tu re
re f lu x e d  f o r  1h r .  Work-up I  fu rn ish e d  (26) as c o lo u r le s s  n e e d le s
m .p. 203-205° (from  E t20/Et0Ac) (l33mg, 89^). (Found: C, 4 6 .4 2 ;
H, 3 .9 2 ; I ,  3 3 .3 1 . C ^ H ^ IO  re q u ire s  0 ,4 6 .6 3 ; H ,3 .89 ; 1 ,3 2 .9 0 /0 ;
n .m .r .  s ig n a l s  a t  1.80 ( 6H ,s ) , 4 .0 0  (3 H ,s ), 4 .75  ( 2H,bd, J=6 . 5H z),
5 .57  ( 1H ,b t, J=6 . 5H z), 6 .15 and 8.01 (each  lH ,d , J=9 . 5Hz) and 6 .58
( 1H, s ) ; 0 ^ r  1720, 1595, 1350, 1335 and 1240cm mass s p e c t r a l  peaks max
a t  n /e  386 (M+ , 9%), 319 ( 10) ,  318 (100), 317 (1 5 ), 290 (3 4 ) , 289 ( 28) ,  
162 (54) and 147 (4 9 ) .
P y ro ly s is  o f  ( 26)
( 26) (lOOmg) was s t i r r e d  a t  175-5° f o r  2h r .  under argon, in  
N ,N -d ie th y la n i l in e  (5ml) c o n ta in in g  b u ty r ic  anhydride ( 0 . 2ml) .
On c o o lin g  th e  m ix tu re  was d i lu te d  w ith  w ater ( 30ml) and s t i r r e d  a t  
r . t .  f o r  2 h r . and th e n  e x tra c te d  w ith  e th y l a c e ta te .  The o rg an ic  
la y e r  was washed w ith  d i l .  h y d ro ch lo ric  ac id  to  pH2, 5% w ./v . 
po tass iu m  c a rb o n a te  to  pH, 11, b r in e  to  n e u t r a l i t y ,  d r ie d  and e v ap o ra ted  
to  y i e l d  o n ly  s t a r t i n g  m a te r ia l  (97mg,97^) .
P re p a ra t io n  o f  ( 38)
A s o lu t io n  o f  5 -0 -(3 ,3 -d im e th y la lly l)-7 -h y d ro x y -8 - io d o c o u m a rin  ( 25) 
(l80mg) and th e  curpous a c e ty lid e  ( 18) (76mg) were s t i r r e d ,  under 
a rgon , in  p y r id in e  (20ml) a t  80-5 fo r  2 h r .  Work-up I I  fu rn is h e d  
a brown o i l  w hich on p u r i f i c a t io n  by p rep , t . l . c .  (CHCl^xl) gave ( 38)
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(93mg,62%) a s  y e llow  n eed le s  (from E t 0) m .p. 118-120° ; n .m .r .
s ig n a ls  a t  & 1 .8 8  (6 H ,b s), 2 .12 (3 H ,b s), 4 .63  (2H ,bd ,J= 6 .5H z), 5 .16
( lH ,m ), 5 .51 ( 1 H ,b t,J= 6 .5 H z), 5 .68  (lH ,m ), 6.21 and 8.. 10 (each
1 H ,b t,J= 6 .5 H z ), 5 .6 8  (lH ,m ), 6.21 and 8.10 (each  1H ,d,J=9.5H z)and 
KBr
6 .80  (2 H ,s ) ;  ^ 1735, 1665, 1295, 1140 and 1110cm mass s p e c t r a l
peaks a t  m / e  31o (M+ ,3 4 £ ), 243 ( 62) ,  242 (100), 214 ( 52 ).
C la is e n  rea rra n g e m e n t o f (38)
(38) (78mg) was s t i r r e d  a t  175-5 fo r  2h r. in  d ie th y la n i l ih e  
(5ml) c o n ta in in g  b u ty r ic  anhydride ( 0 .2 m l). On co o lin g  th e  m ix tu re  
was d i l u te d  w ith  w ate r ( 30ml) and s t i r r e d  a t  r . t .  f o r  2h r. and th e n  
e x t r a c te d  w ith  e th y l  a c e ta te .  The combined o rgan ic  la y e r s  were washed 
w ith  d i l .  h y d ro c h lo r ic  a c id  to  pH2, 5% w ./v . po tassium  ca rb o n a te  to  
pH11, b r in e  to  n e u t r a l i t y ,  d r ie d  and evapora ted  to  y ie ld  a f t e r  
p u r i f i c a t i o n  by p re p , t . l . c .  (E tO A ^ P e tro l 1 :3 , x l)  (42) (48mg;50%) 
as a c o lo u r le s s  o i l ;  n .m .r .  s ig n a ls  a t  6 1 .0 8  (3 H ,t, J=7Hz) f  1.63 
(6 H ,b s ) , 1 .82  (2 H ,sex te t,J= 7 H z), 2 .16 (3H ,bs), 2.65 (2H ,t,J= 7H z),
5 .0 6  (2 H ,b s ) , 5 .3 3  ( lH ,b s ) , 5-91 ( lH ,b s ) ,  6 .48 and 7 .73  (each  1H,d,
J=9.5Hz) and 7 .0 8  ( l H , s ) ; D CC:L!|- 1760, 1750, 1630, 1130 and 1100cm"1;max
mass s p e c t r a l  peaks a t  m/e 380 (M ,84%), 31° (1 0 0 ), 290 (98) and 
267 (2 6 ) .
H y d ro ly s is  and is o m e r is a t io n  o f  (42)
i )  A s t i r r e d  s o lu tio n  o f  (4 2 ), 1% w ./v . sodium hydrox ide (1ml) 
in  m ethanol (8m l) was re f lu x e d  fo r  0 .2 5 h r. On co o lin g  th e  s o lu t io n  
was c a r e f u l ly  n e u t r a l i s e d  w ith  0.1M h y d ro ch lo ric  a c id , d i lu te d  w ith  
w ate r (30ml) and e x tra c te d  w ith  e th y l a c e ta te .  The combined o rg an ic
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la y e r s  w ere washed w ith  b r in e , d r ie d  and evap o ra ted  to  y ie ld  a ye llo w  
s o l id  ( 31mg). T h is  m a te r ia l  was th en  d is so lv e d  in  ace tone ( 10m l) , 
po tass iu m  c a rb o n a te  (lOOmg) and m ethyl io d id e  (o .5m l) added and th e  
m ix tu re  r e f lu x e d  fo r  1h r .  Work-up I  y ie ld e d  a f t e r  p u r i f i c a t i o n  by 
p re p , t . l . c .  (E tO A c/P e tro l 1: 10, x3) .
a) (44) (l2m g,35/0  as a c o lo u r le s s  s o l id  m .p. 92- 95* , n .m .r .
s ig n a ls  a t  6 1 .8 3  ( 6H ,b s ) , 2 .18 ( 3H ,b s), 3.93 (3 H ,s ) , 5 .00  ( 2H ,b s ) ,
5 .26  ( lH ,b s ) ,  5 .80  ( lH ,b s ) ,  6 .40 and 8.03 (each  1H ,d ,J_ 9 . 5Hz) and
6.91 ( 1H ,s ) ;  ^  1740, 1615, 1150 and 1130cm mass s p e c t r a lmax r
peaks a t  m/e 324 (M+ , 100) ,  309 ( IS ), 293 (3 4 ) , 283 (20) and 278 ( 16) .
b) (45) ( l 8mg,52$) as a c o lo u r le s s  s o l id  m .p. 110-112 ; n .m .r .
s ig n a ls  a t  <$1.70 ( 6H ,b s ) , 2.15 ( 3H ,b s) , 4*21 (3 H ,s ) , 4*95 ( lH ,b s ) ,
5 .04  ( 1 H ,b s), 5 .1 7  ( lH ,b s ) , 5 .30 ( lH ,b s ) ,  6 .28  and 8.15 (each  1H ,s ,
J=9 . 5Hz) and 6 .8 0  ( l ^ s ) ; ^ 1®17 1730, 1620, 1610, 1480 and 114ocnf1;max
mass s p e c t r a l  peaks a t  m/ e  324 (M+, 100) ,  314 (5 0 ) , 283 (6 5 ) , 278 (50) 
and 265 (4 0 ) .
i i )  (4 2 ) ( 25mg) when hydro lysed  fo r  1 h r .,  th en  t r e a te d  as  b e fo re  
gave (45) ( 15mg, 7 5 $ ).
5-7-D ibenz*jloxvcoum arin (53)
5 ,7 -d ihydroxycoum arin  ( ig )  arid benzoyl c h lo r id e  (5ml) were 
re f lu x e d  in  p y r id in e  (40ml) f o r  I8 h r . Work-up I I  y ie ld e d  a y e llo w  
s o l id  w hich on c i y s t a l l i s a t i o n  from e th e r  gave (53) (l.54g,71% ) as  
c o lo u r le s s  n e e d le s  m .p. 171-2 ; (Found: 0 ,7 2 .4 3 , H ,3 .6 8 . ^ 23^ 14^6
re q u ir e s  0 ,7 2 .2 5 ;  H ,3 .7 8 /0 ; n .m .r . s ig n a ls  a t  5 6 .4 0  and 8.01 (each
61.
1H,d, J= 9 .5 Hz) , 7 .2 2  (2 H ,s ) , 7 .7 8  (6H,m) and 8.21 (4 H ,m );3 KBr 1740,
9 max 9
1625, 1340 and 700cm ; mass s p e c tr a l  peaks a t  m/e (M+ ,100%), 2B2 (So)
and 173 ( 2 5 ) .
5-HvdroxY-7-benaxCLoxycoumarin (34)
To a s t i r r e d  s o lu t io n  o f (53) ( ig )  in  m ethanol (50ml) was added 
1M sodium h y d ro x id e  ( 2 .6 m l,1.2 eq .)  and s t i r r i n g  co n tin u ed  f o r  0 .5 h r .  
The r e a c t io n  m ix tu re  was th en  c a r e fu l ly  a c id i f ie d  w ith  1M h y d ro c h lo r ic
a c id , d i l u t e d  w ith  w ater and e x tra c te d  w ith  e th y l a c e ta te .  The
combined o rg a n ic  la y e r s  were washed w ith  1% sodium b ic a rb o n a te , b r in e ,  
d r ie d  and e v a p o ra te d  to  y ie ld  on f r a c t io n a l  c r y s t a l l i s a t i o n  from 
m eth an o l.
i )  s t a r t i n g  m a te r ia l  (53) ( 126mg, 12.6%)
i i )  5-hydroxy-7-benzpvjLoxycouinarin ( 54) (480mg,66%) myp> 210-212 
(Found: 0 ,6 8 .1 5 ;  H ,3 .2 8 . re q u ire s  0 ,6 8 .0 8 ; H ,3.57% ), n .m .r .
s ig n a ls  (d ^ -a c e to n e )  a t  6 .31 and 7.91 ( lH ,d,J=9«5H z), 6 .83  (2 H ,b s ) ,
7 .8 0  (2H,m) and 8 .2 2  (3H,m ); 5 3050, 1740, 1680, 1340, 1130 andmax
700cm mass s p e c t r a l  peaks a t  m/e 282 (M ,40%), 178 (3 0 ) , 177 (2 6 0 ),
150 (100) and 149 (6 9 ) .
i i i )  5 , 7-d ihydroxycoum arin  ( 21) ,  (l10mg.24%)
Io d in a t io n  o f  (5 4 )
i )  To a s t i r r e d  s o lu t io n  o f  (54) ( 320mg) in  ch loroform  ( 50ml) 
were added in  p o r t io n s  io d in e  ( 290mg) and m ercuric  oxide ( 270m g).
A fte r  th e  a d d i t io n  was com plete th e  s o lu tio n  was f i l t e r e d  and th e  
f i l t e r  pad th o ro u g h ly  washed w ith  ch lo roform . The f i l t r a t e  was th e n
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.washed w ith  d i l u t e  sodium m etab isu lp h a te , b r in e ,  d r ie d  and e v ap o ra ted
to  y ie ld  a brown o i l  (410mg) . W ithout f u r th e r  p u r i f i c a t i o n  t h i s  o i l
was d is s o lv e d  in  ace to n e  ( 20ml) and re f lu x e d  fo r  1h r .  w ith  po tass iu m
c a rb o n a te  (400mg) and m ethyl io d id e  ( 1m l). The p ro d u c t i s o la t e d
by Work-up I  was th e n  p u r i f i e d  by p rep , t . l . c .  (E tO A c/P etro l 2 :3 ,x 3 )
to  a f fo rd  on c r y s t a l l i s a t i o n  from chloroform  ( 56) ( l 30mg,22$) as
c o lo u r le s s  p l a t e s  m .p. 222° ( decomp); (Found: C ,37 . 12; H, 1 .79 ;
I ,  4 6 .7 8 . G']7H']o° 5I 2 r e l u i r e s  C ;37.22; H, 1 .80; 1 ,4 6 .3 5 $ ); n .m .r .
s ig n a ls  a t  6 3 .7 5  (3 H ,s ) , 6 .25 and 7.75 (each  1H ,d ,J= 9 . 5H z), 7 .50
( 2H,m) and 8 .1 6  (3 H ,m ) ;0 KBr 1740, 1615, 1570, 1340, 1070 and 7 0 0 cn f1;max
mass s p e c t r a l  peaks a t  n /e  5 .48 (M+ , 100) ,  421 ( 50) ,  406 (3 5 ), 316(75) 
and 301 ( 60) .
i i )  To a s t i r r e d  s o lu t io n  o f (54) ( 100mg) and th a lliu m  ( i l )  
fo rm ate  ( 106mg) in  m ethylene c h lo r id e  ( 25ml) was added dropw ise 
a s o lu t io n  o f  io d in e  ( 90mg) in  m ethylene c h lo r id e  (10ml) and th e  
m ix tu re  s t i r r e d  a t  r . t .  fo r  48h r . ,  when potassium  io d id e  ( 200mg) 
were added and s t i r r i n g  con tinued  fo r  1hr. The s o lu t io n  was th e n  
f i l t e r e d ,  washed w ith  sodium th io su lp h a te ,  b r in e , d r ie d  and 
e v ap o ra ted  to  y i e l d  a yellow  o i l  ( l 32mg) which t . l . c .  and n.m.~r. 
showed to  be a  complex m ix tu re .
P a r t  1 
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T able 1
An CH3°A -A )A d
( 2 )  O h
N .m .r. Spectrum  o f tra n s -A v ic e n n o l
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In  1975 G ray, Waigh and Waterman i s o la te d  th e  coum arin ,
t r a n s - a v ic e n n o l  ( 1) from Zanthoxvlum av icen n ae *^ and two y e a rs  l a t e r
th e  iso m e r ic  c i s - a v ic  enno l ( 2) from Z anthoxvlum  e l e p h a n t i a s i s ^ .
The i . r .  and u .v .  s p e c tr a  o f  t r a n s -a v ic e n n o l in d ic a te d  an e x te n s iv e ly
c o n ju g a te d  and s u b s t i tu t e d  coum arin which an a ly se d  fo r  CortH 0
20 2 2 5 •
The g ro s s  s t r u c t u r a l  f e a tu r e s  were r e a d i ly  de te rm in ed  from th e  p ro to n
n .m .r .  spectrum  (s e e  T ab le 1 . ) .  The c h a r a c t e r i s t i c  re so n an ces  f o r
th e  C-3  and C-4 p ro to n s  o f  th e  coum arin r in g  ap peared  a t  5 6 .2 7  and
8 .0 6  r e s p e c t iv e l y  (eac h  1H, d , J  = 10Hz.) and th e  p re sen ce  o f  a  th r e e
p ro to n  s i n g l e t  a t  3 . SO in d ic a te d  a m ethoxyl g roup . A 2 , 2 -d im e th y l-
chromene m o ie ty  was su g g es ted  by th e  p re sen ce  o f an AB q u a r te t  a t
55 .6 9  and 6 .65  (eac h  1H, d , J  =10Hz) and a s ix  p ro to n  s in g l e t  a t  1 .6 0 .
At t h i s  p o in t ,  th e  s ig n a ls  l e f t  u n assig n ed  were two t r a n s  o l e f i n i c
p ro to n s  a t  6 .81 and 6 .95 (eac h  1H, d , J  = 16 H z .) ,  a s ix  p ro to n
*s i n g l e t  a t  1 .59  and an h y d ro x y l group a t  2 .58  ( 1H ,s) . As th e r e  was
now o n ly  one p o s i t io n  on th e  coum arin n u c leu s  unaccoun ted  f o r ,  th e s e  
s ig n a l s  m ust a r i s e  from a s in g le  m oiety  and were th u s  a t t r i b u t e d  to  
a  t r a n s - 3-h y d ro x y -3-m eth y lb u t- 1 - eny l g roup .
C le a r ly  how ever, a lth o u g h  th e  f u n c t io n a l i ty  had been d e te rm in ed , 
a number o f  iso m e ric  s t r u c tu r e s  o f t r a n s -a v ic e n n o l co u ld  e x i s t  a r i s i n g  
from  v a ry in g  th e  p o s i t io n  o f s u b s t i tu t io n  on th e  benzene r in g .  (See 
F ig u re  1) . In  f a c t  th e r e  a re  tw elve such p o s s ib le  iso m e rs . The 
a b s o lu te  s t r u c t u r e  o f t r a n s -a v ic  ennol was th e n  e lu c id a te d  l a r g e ly  by 
th e  a p p l ic a t io n  o f  a la n th a n id e  s h i f t  r e a g e n t,  nam ely t r i s - < 7 ,7 -  
d im e th y l-1, 1 , 1 , 2 , 2 , 3 , 3 -h e p ta f lu o ro -o c te n e -4 ,6-d io n a to )  europium  I I I
Table 2
S h i f t s  Gal cili a te d  f o r  A ttachm ent O bserved V alue
o f S id e  C hain a t ;
C-5 C-6 C-7 C-8
0.12 0.11 0.11 0.33 0.40
0.15 0.14 0.15 0.45 0.52
OH
F ig u re  2
c h , o -£ —
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(E u (fo d )^ )  . F o r a  f u l l e r  d is c u s s io n  o f  th e  u se  o f E u (fo d )^  f o r  
coum arin  s t r u c t u r e  d e te rm in a tio n  see P a r t  1, page 37;
The p o s i t i o n  o f a ttach m en t o f  th e  t r a n s -3 -h v d ro x y -3-m e th v lb u t-  
1- e n y l  group was d e te rm in ed  by c a lc u la t in g  th e  ex p ec ted  s h i f t s  f o r  th e  
fo u r  p o s s ib le  s i t e s  o f a tta ch m en t o f t h i s  group to  th e  b en zen o id  r i n g .  
These c a l c u la t io n s  u sed  th e  average v a lu e s  f o r  th e  Eui"‘H d is ta n c e  
and th e  0>',,Eu,,,,,,H an g le  over th e  two p o s s ib le  co n fo rm atio n s o f th e  
s id e  c h a in  doub le  bond in  th e  p la n e  o f th e  r in g  and a re  c o n se q u e n tly  
o n ly  ap p ro x im ate , as th e  a c tu a l  confo rm ation  in  s o lu t io n  i s  unknown. 
The r e s u l t a n t  c a lc u la te d  v a lu e s  were th e n  compared w ith  th e  o b serv ed  
s h i f t s  o f  th e  two o le f in ic  p ro to n s  in  q u e s tio n  (s e e  T able 2) .  (The 
o b serv ed  s h i f t s  were m easured on th e  t r i m e t h y l s i l y l  (TMS) e th e r  o f 
t r a n s - a v ic  enno l to  av o id  com plexation  o f th e  s h i f t  r e a g e n t w ith  th e  
a lc o h o l f u n c t i o n ) . I t  was c l e a r  from th e s e  r e s u l t s ,  t h a t  th e  
t r a n s - 3-h v d ro x y -3-m e th y lb u t- 1 -e n y l  m oiety must be a t  C-8 , a s  o n ly  in  
t h i s  p o s i t i o n  i s  th e r e  a c lo se  agreem ent between th e  observed  and 
c a l c u la te d  s h i f t s  o f  th e  o le f in ic  p ro to n s . The number o f p o s s ib le  
iso m ers  f o r  t r a n s -a v ic e n n o l was now reduced  from tw elv e  to  f o u r .
( see  F ig u re  2 ) .
By u t i l i s a t i o n  o f th e  n u c le a r  O verhauser e f f e c t  i t  was p o s s ib le  
t o  d i s t i n g u i s h  betw een th e s e  iso m ers. I r r a d i a t i o n  a t  th e  m ethoxyl 
s ig n a l  r e s u l t e d  in  an enhancement in  i n t e n s i t y  o f b o th  s e t s  o f s id e  
c h a in  o l e f i n i c  p ro to n s , in d ic a t in g  t h a t  th e  m ethoxyl group was 
a d ja c e n t to  b o th  th e s e  s e t s  o f p ro to n s . Now, as  th e  t r a n s - 3- 
h y d ro x y -3-m e th y lb u t-1-e n y l s id e  ch a in  had a lre a d y  been a s s ig n e d  to
Table 3
N.m.r. Spectrum of cis-Avicennol
Signal (6) Integration Multiplicity
1.31 6 s
1.49 6 s
2.85* 1 s
3.85 3 s
5.69 1 d,J=10Hz
6.01 1 d,J=13Hz
6.25 1 d,J=13Hz
6.29 _ 1 d,J=10Hz
6.65 1 d,J=10Hz
8.05 1 d,J=10Hz
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C—8, "this un e q u iv o c a lly  d e term ined  th e  s t r u c tu r e  o f t r a n s - a v ic  enno l 
a s  (1 ) .
T hat t h i s  s t r u c t u r e ,  b ased  la r g e ly  on a n o v e l a p p l ic a t io n  o f  
a la n th a n id e  s h i f t  re a g e n t was in  f a c t  t h a t  o f t r a n s - av ic  e n n o l. was 
l a t e r  con firm ed  by M urray and Forbes^" by an unambiguous t o t a l  
s y n th e s i s .
Some two y e a rs  a f t e r  th e  i s o l a t i o n  o f tr a n s - a v ic e n n o l ,  Gray 
2e t  a l . r e p o r te d  th e  i s o l a t i o n  o f  c i  s -  av ic  e n n o l. This compound 
d i f f e r e d  on ly  in  p o s s e s s in g  a c i s  r a th e r  th a n  t r a n s  c o n f ig u ra t io n  
o f  th e  3 -h y d ro x y -3 -m e th y lb u t-  1 -en y l s id e  c h a in . Mass m easurem ent 
o f c i s - a v ic  enno l gave a m o lecu la r io n  M+ 342.1453 (C00H_ 0 ) w ith  
f ra g m e n ta tio n  p a t t e r n  showing on ly  r e l a t i v e  abundance v a r i a t io n s  
from t h a t  o f t r a n s - a v ic  e n n o l . The i . r .  spectrum  was a ls o  in  c lo s e  
acco rd  w ith  t h a t  o f t r a n s - a v ic e n n o l . However, th e  u .v .  spectrum  
o f  c i s -a v ic e n n o l (236 , 275 and 294 nm. c f .  250, 257 and 301 f o r  
t r a n s -a v ic e n n o l)  and th e  p ro to n  n .m .r .  spectrum  (s e e  T able 3) showed 
d i s t i n c t  d i f f e r e n c e s .  In  re g a rd  to  th e  n .m .r .  spectrum , a lth o u g h  
th e  s ig n a l s  in d ic a te d  a compound w ith  s im i la r  s u b s t i tu e n ts  t o  t r a n s -  
a v ic e n n o l, chem ica l s h i f t  d if f e re n c e s  in  th e  s ig n a ls  d e r iv e d  from  th e  
3 -h y d ro x y -3 -m e th y lb u t-1 -e n y l m oiety and in  th e  o le f in ic  c o u p lin g  
c o n s ta n t  (J«13H z. c f .  J =16Hz .) were c l e a r ly  seen . S in ce  a  13Hz. 
c o u p lin g  c o n s ta n t  canno t be unam biguously a ss ig n e d  to  e i t h e r  a c i s  
o r t r a n s  c o n f ig u ra t io n ,  th en  in  p r in c ip le  t h i s  new coum arin co u ld  be 
any one o f  th e  tw enty  th re e  p o s s ib le  isom ers o f t r a n s - a v ic  e n n o l.
The a c tu a l  s t r u c tu r e  was once ag a in  e lu c id a te d  w ith  th e  a id  o f
T able L
Comparison o f  Induced  S h i f t  V alue (R e la t iv e  to  3H=1.00) f o r  t r a n s -  
A vicennol and c is-A v ic e n n o l TMS E th e rs  w ith  E u (fo d )^ .
C-3 C-4 C-3 C-4 C-2 QMe C-1 C-2 C-3 TMS
tr a n s -
Avic enno l 1.00 0 .31 0 .0 8  0 .1 3  0 .0 8  0 .1 5  0 ^ 0  0 .5 2  0 .1 3  0 .11
£ $ fcen n o l 1.00 0 .3 2  0 .0 9  0 .51  0 .0 8  0 .1 6  0 .3 2  0 .3 2  0 .2 5  0 .1 9
(3)
E u (fo d )^ -  in d u ced  s h i f t s  o f  th e  TMS d e r iv a t iv e  o f c i s -  av ic  en n o l and 
by com parison  o f  th o se  w ith  t h a t  o f th e  TMS d e r iv a t iv e  o f  t r a n s  -  
a v ic e n n o l ( see  T able 4 ) •  There was l i t t l e  s i g n i f i c a n t  d i f f e r e n c e  in  
th e  s h i f t  r a t i o s  o f th e  p ro to n s  o f  th e  la c to n e  r in g ,  chromene r in g  and 
m ethoxyl g roup w h ile  th o se  o f th e  o le f in ic  p ro to n s  on th e  s id e  c h a in  
w ere a g a in  o f  such  m agnitude as to  l i m i t  s id e  ch a in  a tta ch m en t to  C -8. 
However, th e  s h i f t s  o f th e  gero-d im e th y l and TMS s ig n a ls  were c o n s id e r ­
a b ly  l a r g e r  th a n  th o s e  o f  th e  co rresp o n d in g  t r a n s  s id e  c h a in  in d i c a t in g  
t h a t  th e s e  groups were c lo s e r  to  th e  s i t e  o f co m p lex a tio n . These 
r e s u l t s  a re  in  acco rd  w ith  th o se  expec ted  f o r  c i s -a v ic e n n o l.  The 
s u b s t i t u t i o n  p a t t e r n  was f u r th e r  confirm ed  by h y d ro g en a tio n  to  g iv e  
th e  p re v io u s ly  s y n th e s is e d  te tra b y d ro a v ic e n n o l ( 3) .
I t  was f e l t  t h a t  a r e g io s p e c i f ic  t o t a l  s y n th e s is  o f c i s - a v ic e n n o l 
w ould be i t s e l f  o f c o n s id e ra b le  i n t e r e s t  w h i ls t  f u r th e r  c o n s t i t u t i n g  a 
s t r u c t u r a l  p ro o f  and such  a p r o je c t  was th u s  i n i t i a t e d .
Part 2
S y n th e t ic  A pproaches to  th e  Coumarin c is-A v icen n o l
Scheme 1
J^CR
(6) (8)
(9)
C H .
( 10)
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I t  was c o n s id e re d  th a t  th e  key  s te p  in  th e  s y n th e s is  of* c i s -  
a v ic e n n o l ( 2) was th e  in t r o d u c t io n  o f  th e  c i s - 3-h y d ro x y -3-m e th y lb u t-  
1 -e n y l s id e  c h a in . A p la u s ib le  approach f o r  t h i s  would be by 
c o u p lin g  th e  cuprous a c e ty l id e  (4 ) w ith  th e  a r y l  io d id e  ( 5) ,  
fo llo w e d  by sem i-h y d ro g e n a tio n  o f  th e  r e s u l t a n t  a c e ty le n e  to  a  c i s -  
o l e f i n  (Scheme 1) . G iven th e  above c o n s id e ra tio n s  th e  problem  now 
red u ce d  to  th e  s y n th e s is  o f  a s u b s t r a te  s u i ta b le  f o r  th e  co u p lin g  
r e a c t io n ,  nam ely a coum arin r e g io s p e c i f i c a l ly  s u b s t i tu t e d  w ith  io d in e  
a t  C-8 , a m ethoxyl a t  C-7 and a 2 , 2-d im ethy lchrom ene, o r i t s  e q u iv a le n t  
a t ta c h e d  a n g u la r ly  th ro u g h  oxygen a t  C -5 .
The chrom ano-coum arin ( 6) w hich e x h ib i t s  th e  n e c e s s a ry  a n g u la r
6t r i c y c l i c  framework may be r e a d i ly  p re p a re d  , a l b e i t  in  27% y ie ld ,  
s im p ly  by c r y s t a l l i s a t i o n  o f  th e  crude p ro d u c t r e s u l t i n g  from a  von
g
Pechmann condensation of 2, 2-dimethyl-5,7-dihydroxychroman-4-one ( 7 ) 
w ith  m alic acid  and conc. sulphuric acid . Small amounts (7%) of th e
rj
n a t u r a l l y  o c c u rin g  coum arin c la u se n in  ( 8) may a ls o  be re c o v e re d  from 
t h i s  r e a c t io n  by re p e a te d  chrom atography o f  th e  m other l iq u o r s  o f
Q ^
c r y s t a l l i s a t i o n  o f ( 6) .  The chromanone s t a r t i n g  m a te r ia l  ( 7) may 
i t s e l f  be p re p a re d  by r e a c t io n  o f  p h lo ro g lu c in o l w ith  3 , 3 -d im e th y la c ry lic  
( s e n e c o ic )  a c id  in  th e  p re sen ce  o f z in c  c h lo r id e  in  re a so n a b le  y i e l d  (40%).
10Io d in a t io n  o f th e  p heno l (6) w ith  io d in e  and m ercu ric  ox ide  
p ro ceed ed  sm oothly and in  h ig h  y ie ld ,  a t  th e  on ly  u n s u b s t i tu te d  s i t e  on 
th e  ben zen o id  r in g  (C -8) to  g iv e  ( 9) .  M e th y la tio n  o f  th e  io d opheno l ( 9) 
w ith  m ethy l io d id e /p o ta s s iu m  ca rb o n a te  to  g iv e  th e  c o rre sp o n d in g  e th e r  (10) 
w ent c le a n ly ,  i f  somewhat s low ly , p o s s ib ly  as a consequence o f  th e
Scheme 2
(12)
R=c h_ ,c 0i-l
3 ^ 5
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c h e la te d  n a tu re  o f  th e  p h e n o lic  h y d ro x y l.
I t  was f e l t  t h a t  b e fo re  any co u p lin g  r e a c t io n s  were to  be a tte m p te d
th e  f e a s i b i l i t y  o f  th e  e la b o ra t io n  o f  th e  2 , 2 -d im ethy lchrom an-4“ °ne r in g
in t o  th e  c o rre sp o n d in g  chromene shou ld  be in v e s t ig a te d .  The s im p le s t
approach  f o r  acco m p lish in g  t h i s  tra n s fo rm a tio n  would ap p ea r t o  be th e
re d u c t io n /d e h y d ra t io n  sequence shown in  Scheme 2 . T h is p ro ced u re  d id
in d e e d  g iv e  th e  chromene (1 2 ) ,  though th e  r e a c t io n s  p roved  much l e s s
f a c i l e  th a n  had been o r ig i n a l l y  a n t ic ip a te d .  The m ajor problem s were
a s s o c ia te d  w ith  th e  re d u c t io n  s te p  which t r a n s p i r e d  t o  be v e ry  slow , w ith
th e  n a tu re  o f  th e  s o lv e n t  and th e  s to ic h io m e try  o f  re d u c in g  a g e n t (NaBH.)
4
t o  s u b s t r a t e  p ro v in g  to  be th e  c r i t i c a l  f a c t o r s .  When th e  r e a c t io n  was
11a tte m p te d  in  m ethanol ( i n  which NaBH. has a s h o r t  l i f e t i m e  ) ,  o r  in
4
11e th a n o l ( i n  which th e  l i f e t i m e  o f NaBH i s  c o n s id e ra b ly  lo n g e r  ) ,  t h i s
4
p roved  none to o  s u c c e s s fu l ,  s in c e  conpetition f o r  re a g e n t by s u b s t r a te  and
s o lv e n t  meant t h a t  a la rg e  ex cess  o f  red u c in g  ag en t (a p p ro x im a te ly
te n fo ld )  was r e q u ir e d  f o r  chromanone re d u c t io n . As a  consequence o f
t h i s ,  th e  s id e  r e a c t io n s ,  d e - io d in a t io n  and re d u c t io n  o f th e  la c to n e
became im p o r ta n t , in  a d d i t io n  to  th e  ex pec ted  e th e r  fo rm a tio n  g e n e ra tin g
s p e c ie s  o f  ty p e  (1 3 ) .  The use  o f  iso p ro p sn o l ( i n  which NaBH^ i s
1 1i n d e f in a te ly  s ta b le  ) as so lv e n t p ro v id ed  th e  answer to  t h i s  problem , 
s in c e  t h i s  a llow ed  c a r e f u l ly  c o n t ro l le d  amounts o f  re d u c in g  a g e n t to  
be em ployed. I t  was found , a f t e r  much e x p e rim e n ta tio n  th a t  t r e a tm e n t 
o f th e  chromanone (10) w ith  0 .5 -0 .7  e q u iv a le n ts  o f NaBH^ in  is o p ro p a n o l /  
chloroform jC  th e  c o so lv e n t i s  r e q u ire d  to  in c re a s e  s u b s t r a te  s o l u b i l i t y )  
f o r  24 h o u rs  a t  room te m p e ra tu re , l im i te d  th e  o v e r - re d u c t io n  and
C H O ^ v v
(14)
3
5)
(16)
(17) (18)
NCHO- CH
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a llo w ed  th e  chrom anol (11) to  be p rep a red  rep ro d u cab ly  in  60-70% 
y i e l d .
Slow r e d u c t io n  o f  th e  c a rb o n y l group in  a n g u la r  chromanones such
"12as (10) h a s  been  observed  in  o th e r  c a s e s .  For in s ta n c e , t r e a tm e n t
o f  th e  dichrom anone (14) w ith  Raney N ickel/H ^  r e s u l t e d  in  th e  r e d u c t io n
o f o n ly  th e  l i n e a r  chromanone ca rb o n y l to  p roduce ( 15) • The c a rb o n y l
12i n  th e  a n g u la r  chromanone (16) can be reduced  , b u t i t  n e c e s s i t a t e s  
th e  u se  o f  f a i r l y  fo rc in g  c o n d it io n s  i . e .  a s ix f o ld  excess o f  NaBH
4
in  r e f lu x in g  te t r a h y d r o f u r a n . A more d i r e c t  analogy  w ith  th e
re d u c t io n  o f  (10) was p ro v id ed  by J o s h i  , w ith  h i s  work on th e  d e -io d o
d e r iv a t iv e  (17) . The fo rm a tio n  o f  th e  chrom anol (18) a g a in  r e q u ir e d
f o r c in g  c o n d i t io n s ,  i n  t h i s  case  tre a tm e n t o f  (17) w ith  a  th r e e f o ld
ex ce ss  o f  NaBH in  py rid ine/H '^0  a t  70 w ith  (18) b e in g  produced  in  l e s s  
4  ^ }
th a n  10% y i e l d  by t h i s  m ethod.
T hat th e  re d u c t io n  o f  an g u la r  chromanones such  as (10) and (17) i s  
slow , i s  th u s  w e ll  e s ta b l i s h e d  and a p o s s ib le  e x p la n a tio n  o f  t h i s  may 
w e ll  be s t e r i c  c o n g e s tio n  a t  th e  ca rb o n y l g roup. E xam ination  o f  m odels 
o f  (10) and (17) does in d eed  show th a t  th e  C-7 m ethoxyl and th e  ca rb o n y l 
group o f  th e  chromanone a re  in  c lo se  p ro x im ity . In  t h a t  ev e n t th e  
c a rb o n y l o f  th e  2 ,2 - d im ethylchrom an-4-one re s id u e  may w e ll  be s h ie ld e d  
to  some e x te n t  from th e  a t ta c k in g  red u c in g  a g e n t, th u s  making re d u c t io n  
a  slow p ro c e s s .  The e f f e c t  o f  th e  bulky  io d in e  a t  C-8 in  (10) may 
a l s o  compound th e  s i t u a t io n  w ith  r e s p e c t  to  th e  d e -io d o  d e r iv a t iv e  (17) . 
S t e r i c  i n t e r a c t io n s  between th e  m ethoxyl group and th e  io d in e  may 
fo rc e  th e  m ethoxyl to  ta k e  up a co n fo rm ation  which in c re a s e s  th e  s t e r i c
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com p ressio n  ab o u t th e  chromanone ca rb o n y l w ith  r e s p e c t  t o  th e  
u n s u b s t i tu t e d  c a se  (17) .♦
In  c o n t r a s t ,  th e  d e h y d ra tio n  o f th e  chrom anol (11) to  th e
chromene (12) was r e a d i ly  ach iev ed  in  abou t 50$ y i e l d  by r e f lu x in g  in
to lu e n e  over KHSO 
4
In  an e f f o r t  to  im prove upon th e  y i e ld  o f  th e  re d u c t io n /d e h y d ra tio n
sequence (25 -35$  o v era ll)^  an a l t e r n a t iv e  approach , t h a t  o f th e  Bam ford- 
14S te v e n s  re a c tio n ^ w a s  in v e s t ig a te d  ( s e e  Scheme 3)* T h is  r e a c t io n  i s
known to  p roduce o le f in s  from  to sy lh y d ra z o n e s  in  a wide v a r i e ty  o f
c a s e s ^  and i s  b e l ie v e d  t o  p ro ceed  v ia  th e  mechanism shown in  Scheme 4«
15 -fT rea tm en t o f th e  to sy lh y d ra z o n e  (1 9 ) , d e r iv e d  in  80$ y i e l d  from  th e  
chromanone (10) w ith  n -b u ty l l i th iu m  (2 .8 e q .)  under a v a r i e ty  o f 
c o n d i t io n s  p roduced  on ly  complex m ix tu res  from which th e  chromene (12) 
c o u ld  n o t be i s o l a t e d .  jNTucleophilic a t ta c k  o f th e  a lk y li th iu m  re a g e n t 
on th e  coum arin  r in g  may be an im p o rtan t p ro c e ss  h e re .  D ecom position 
p ro d u c ts  were o b ta in ed  from th e  r e a c t io n  and i t  was obvious from  n .m .r .  
t h a t  th e s e  la c k e d  th e  c h a r a c t e r i s t i c  p a i r  o f doublet s in d i c a t iv e  o f 
co u m arin s .
W ith s u b s t r a te s  (1 0 ) , (11) and (12) to  hand i t  now became p o s s ib le  
to  i n v e s t ig a t e  th e  f e a s i b i l i t y  o f th e  e la b o ra t io n  o f th e  3 -h y d ro x y -3 - 
m e th y lb u t-1 -e n y l s id e  c h a in , by th e  p roposed  cuprous a c e ty l id e  c o u p lin g . 
The cuprous a c e ty l id e  (20) cou ld  be p re p a re d  b u t due to  i t s  s o l u b i l i t y  
in  th e  r e a c t io n  medium i s o l a t i o n  proved d i f f i c u l t .  However, th e  
cuprous a c e ty l id e  (21) o f th e  te tra h y d ro p y ra n y l e th e r  (22) o f  3 -hydroxy-
—=sCu
6 t h P (21)
(12)(11)
Scheme 5
- (26) 
'THP
C
( 1-8)
'THP
3 -m e th y lb u t-1 -y n e  ( 23) could, be r e a d i ly  p re p a re d  and i s o l a t e d  and was
1 ftu se d  f o r  c o u p lin g  r e a c t io n s .  I t  had. been p re v io u s ly  shown t h a t
tr e a tm e n t  o f  ( 24) w ith  (21) in  r e f lu x in g  p y r id in e ,  under an  i n e r t
a tm osphere  f o r  I8 h r.^ p ro d u c e d  th e  coup led  compound ( 25) in  around
5 0 %  y i e l d .  C onsequen tly  th o se  c o n d itio n s  were i n i t i a l l y  u sed  f o r  th e
fo llo w in g  r e a c t io n s .  T rea tm ent o f th e  chromanone (10) in  t h i s  manner
p roduced  a com plex m ix tu re  from which two compounds cou ld  be i s o l a t e d
and i d e n t i f i e d .  The m ajor p ro d u c t { 3 0 % )  was th e  d e - io d in a te d  compound
(1 7 ) ,  d e - io d in a t io n  i s  a w e ll documented s id e  r e a c t io n  o f  cuprous
17a c e ty l id e  c o u p lin g s  . The on ly  o th e r  i s o la b le  compound p roved  to  be 
th e  fu ra n  ( 26) ,  w hich was r e a d i ly  i d e n t i f i e d  by th e  c h a r a c t e r i s t i c  
a ro m a tic  s i n g l e t  in  th e  n .m .r .  a t  67 .34*  I t s  g e n e s is  has to  be from  
t r a c e s  o f th e  iodophenol ( 9) (Scheme 5 ) , which may have a r is e n  by 
an in  s i t u  d em eth y la tio n  o f th e  m ethyl e th e r  (10) . As i t  seems 
l i k e l y  t h a t  only  sm all amounts o f th e  phenol (9) cou ld  have 
been produced, th e n  th e  co u p lin g  o f th e  phenol i s  a q u i te  e f f i c i e n t  
p ro c e s s .  No ev idence  co u ld  be o b ta in e d  f o r  th e  fo rm a tio n  o f  th e  
d e s i r e d  p ro d u c t (2 7 ) .
S im ila r  r e s u l t s  were observed  on r e p e a t in g  th e  r e a c t io n  on th e  
chrom anol ( 1 1 ) .  The d e - io d in a te d  p ro d u c t (18) was form ed in  low y i e l d  
( 14$ ) ,  though  on t h i s  o c c a s io n  no ev idence  f o r  th e  fo rm atio n  o f  any 
fu ra n  co u ld  be o b ta in e d  as th e  s t a r t i n g  m a te r ia l  had been r ig o r o u s ly  
p u r i f i e d  to  remove any p h en o lic  im p u r i t ie s .  The chromene (12) when 
t r e a t e d  w ith  th e  cuprous a c e ty l id e  (21) under th e  above c o n d it io n s  
p roduced  on ly  a complex m ix tu re  from which no i d e n t i f i a b l e  compounds
3
(29)
OH 6 h
(30)
CHCr""
( 10)
F ig u re  3
R=R = H,0 
R =OH, R,= H
78.
-cou ld  be i s o l a t e d .
I t  was n o te d  t h a t  in  a l l  th e  above r e a c t io n s ,  a g r e a t  d e a l  o f
d eco m p o sitio n  took  p la c e  and i t  was f e l t  t h a t  i f  th e  r e a c t io n  w ere
re p e a te d  u n d er m ild e r  c o n d it io n s  i t  m ight p rove  more p r o f i t a b l e .
18R e c e n tly  S o n g a sh ira  e t  a l .  have re p o r te d  new m ild  c o n d it io n s  f o r  
cup rous a c e ty l id e  co u p lin g s  w ith  arom atic  io d id e s . These in v o lv e
tr e a tm e n t  o f th e  a r y l  io d id e  w ith  th e  a c e ty le n e  in  th e  p re se n c e  o f
19 20c a t a l y t i c  amounts o f  (Ph^P)^PdG l^ and cuprous io d id e  in
d ie ih jlam in e  a t  r . t .  f o r  s e v e r a l  h o u rs . However, when th e  r e a c t io n
was r e p e a te d  u n d er th e s e  c o n d it io n s  a g a in  d is a p p o in t in g ly  no
in d ic a t io n  o f  any co u p led  compound co u ld  be found . As o b served  in
p re v io u s  c a se s  th e  on ly  coum arin i s o la te d  p roved  to  be th e  d e - io d in a te d
p ro d u c t (2 9 ) ,  though in  t h i s  ca se  th e  d im erised  a c e ty le n e  ( 30) was
i s o l a t e d  in  62% y i e l d  as  th e  m ajor r e a c t io n  p ro d u c t.
I t  was f e l t  t h a t  th e  la c k  o f  su ccess  o f th e  a tte m p te d  c o u p lin g  
r e a c t io n s  co u ld  be a t t r i b u t e d  to  th e  h ig h  degree  o f  s t e r i c  c o n g e s tio n  
p r e s e n t  in  th e  f u l l y  s u b s t i tu t e d  benzene r in g ,  p re v io u s ly  m entioned 
in  c o n n e c tio n  w ith  th e  slow re d u c tio n  o f th e  chromanone (1 0 ) .  
E xam ination  o f models shows a h ig h  degree o f s t e r i c  i n t e r a t i o n  betw een 
th e  th r e e  p o s i t io n s  in d ic a te d  in  F ig u re  3 ,  nam ely th e  C-8 io d in e ,  
th e  C-7 m ethoxyl and th e  s u b s t i tu e n t  a t  C -6. The i n t e r a c t i o n  betw een 
th e  C-7 m ethoxyl and th e  C-8 io d in e  b e in g  a g g rav a ted  by th e  i n t e r a c t io n  
betw een th e  C-7 m ethoxyl and C-4' o f th e  a n g u la r  r in g  and v ic e  v e r s a .
C H
(11)
O T H P  (21)
F ig u re  L
C H C H
(31)
(32)
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i.e. a kind of steric outtressing effect exists along that face of 
the molecule, the mutual interactions of these three substituents 
producing a high degree of steric compression. Because of this, it 
will be difficult for the bulky cuprous acetylide reagent (21) to
21approach  th e  system  c lo s e  enough to  e f f e c t  r e a c t io n .  C a s tro  e t  a l . 
have p o s tu la te d  a fo u r - c e n t r e  t r a n s i t i o n  s t a t e  f o r  cuprous a c e ty l id e  
c o u p lin g s  (F ig u re  4) and i t  m ight be a n t ic ip a te d  t h a t  th e  s t e r i c  
demands on such  a t r a n s i t i o n  s t a t e  would be to o  g r e a t  in  th e  s t e r i c a l l y  
c o n s tr a in e d  system  u nder c o n s id e ra t io n .
I t  h as  a lre a d y  been  s t a t e d  t h a t  7 -m ethoxy-8-iodocoum arin  (24)
16w i l l  cou p le  q u i te  r e a d i ly  w ith  re a g e n t (2 1 ) .  Though s t e r i c  h in d ra n c e  
was f e l t  to  be th e  cause  o f  th e  n o n -co u p lin g  o f compounds (1 0 ) ,  (11) and 
(12) i t  was c o n c e iv a b le  t h a t  e le c t r o n ic  e f f e c t s  p re s e n t  in  th e  5 ,7 -  
d io x y g e n a ted  in s ta n c e s ^ b u t  n o t p re s e n t  in  th e  7 -oxy g en a ted  c a s e , m ight 
p la y  an im p o r ta n t r o l e .  C oupling  o f th e  compound ( 31) ,  a v a i la b le  from 
th e  h o r t io lo n e  work, re s o lv e d  t h i s  problem . T his compound sh o u ld  have 
v e ry  s im i la r  e l e c t r o n ic  p r o p e r t i e s  to  (1 0 ) , (11) and (1 2 ) ,  though as  
th e  C-6 p o s i t i o n  i s  u n s u b s t i tu te d  a l e s s e r  degree o f s t e r i c  c o n g e s tio n  
would e x i s t  betw een th e  c r i t i c a l  p o s i t io n s  C -6, C-7 and C -8 . On t r e a t ­
ment a s  b e fo re  w ith  th e  cuprous a c e ty l id e  (2 1 ) , t h i s  compound d id  in d eed  
co u p le  to  p roduce (3 2 ) , a l b e i t  in  r a th e r  low y i e ld  (1.5/0. T h is  ev idence  
s u p p o r ts  th e  h y p o th e s is  t h a t  s t e r i c  co n g e s tio n  due to  th e  i n t e r a c t io n s  
o f  th e  s u b s t i tu e n t s  o f  a f u l l y  s u b s t i tu te d  benzene r in g  was th e  p r in c ip a l  
re a so n  f o r  th e  th e  f a i l u r e  o f compounds (1 0 ) , (11) and (12) to  undergo  th e  
d e s i r e d  c o u p lin g . I t  now became c le a r  from th e  above c o n s id e ra t io n s
BO.
th a t th e  p ro p o sed  s y n th e s is  o f  c i s - av icen n o l by th i s  ro u te  was n o t 
feas ib le  and  was c o n se q u e n tly  d isc o n tin u e d .
P a r t  2 
E xperim en ta l
82.
?,? -D im ethy l-5  .?---dihydroxychroman-/l-onft ( 7)
This was p re p a re d  by th e  method of Miyano and M atsui8 u s in g  
p h lo ro g lu c in o l ( 3 . 2g ) ,  z in c  c h lo r id e  ( 2 .0g) and seneco ic  ac id  ( 2 .0g ) .  
This gave th e  r e q u i r e d  chromanone ( 1 . 6g. , 38$ ) ,  m.p. 196-197?
P repara tion  o f  th e  chrom ano-coum arin (6)
2 ,2-D im e th y l-5 ,7 -d ih y d ro x y  chroman-4-one ( 3g ), m alic ac id  (2g) and
conc. H,SCI ( 8ml) w ere h e a te d  a t  125-5 fo r  1hr8 to  g ive ( 6) ( ig ,  27$),
needles, m .p. 215-220 (from  EtOAc), ( l i t 8 m .p. 218-220 1740*’ max
1650, 1632 and 1595cm” 1; ^  278 and 323nm (lo g  4*38 and 4 -02) ;  n .m .r .max
(d^-acetone) s ig n a l s  a t  £ 1 .6 0  ( 6H ,s ) ,  2 .84 ( 2H ,s ) , 6 .25 and 7 .90  (each  
1H,d,J=9 . 5H z .) ,  6 .4 4  (1 H ,s ) ,  and 12.10* (1 H ,s ) .
M ethvlation o f  ( 6 )
P o tassium  c a rb o n a te  (80mg) was added to  a s o lu tio n  o f ( 6) ( 125mg) 
in acetone (25m l) and th e  m ix tu re  s t i r r e d  a t  r . t .  fo r  0 . 5h r .  M ethyl 
iodide ( 0 . 75ml) was th e n  added and th e  m ixture re flu x e d  fo r  20h r .  
Work-up p ro c e d u re  I  gave th e  m ethyl e th e r  (17) OOOrng, 76/<o) as c o lo u r-
1 n  o  v
le ss  p l a t e s ,  m .p . 190-191° ( from C H C l^-ether), ( l i t .  m.p. 193-194 ) ;
^  1732, 1682 1614 and 1594cm"1; m2x 23° 273 ^  ^l0 g
3.80, 4 .1 5  and 3 . 87) ;  n .m .r .  s ig n a ls  a t  £ 1.52 (6 H ,s ) , 2.76 ( ^ , s ) ,
4.05 (3 H ,s ) ,  6 .2 3  and 8 .01 (each  1H ,d, J=9-5Hz.) and 6.45 (1 H ,s ) .
lo d in a tio n  o f  (6 )
To a s t ir r e d  s o lu t io n  o f  (6) (200mg) In CHClj ( 30n i)  were added
83.
in  p o r tio n s  o v e r a  p e r io d  o f  0 .5  h r ,  io d in e  (280mg) and m ercuric  oxide
(I75mg) w h i l s t  m a in ta in in g  v ig o ro u s  s t i r r i n g .  The s o lid s  were th en
f i l t e r e d  o f f  and  washed th o ro u g h ly  w ith  CHCl^. The combined o rgan ic
layers  w ere th e n  washed w ith  d i l u te  aqueous sodium th io s u lp h a te ,  d r ie d  over
Na^SO  ^ and e v a p o ra te d  to  d ry n e ss . C r y s ta l l i s a t io n  o f th e  r e s u l t a n t  s o l id
from  E tO A c-p e tro l y ie ld e d  ( 9) (250mg, 67%) as yellow  n eed le s , m.p.
232-236; (Found: C ,4 3 .2 3 ; H ,3 .1 0 ; 1 ,3 3 .0 $ . C ^H ^O  I  re q u ire s :  0 ,4 3 .5 2 ;
H,2.84; 1 ,3 2 .9 0 % ); n .m .r .  (d ^ -a ce to n e ) s ig n a ls  a t  8 1.53 (6 H ,s ) , 2 .87
(2H ,s), 6 .1$  and 7 .8 2  (e a c h  lH ,d ,J  = 1.5H z.) and 12.31* ( 1 H ,s ) . ^ CHG13
f max
176$, 1650, 1625, 1450, 1400 and 1380cm 1; mass s p e c tr a l  peaks a t m /e  
386 (91% M+) ,  369 ( 2 2 ) ,  368 (1 0 0 ), 327 (7 3 ) , 326 (7o) and 299 (8 1 ) .
M ethvlation o f  ( 9)
P o tass iu m  c a rb o n a te  (2$0mg) was added to  a s t i r r e d  s o lu tio n  o f (9)
(500mg) in  a c e to n e  (50m l) and s t i r r e d  fo r  0 .5h r a t  r . t .  M ethyl io d id e
(2.1ml) was th e n  added and th e  m ixture re f lu x e d  fo r  20hr. Work-up
procedure I  y ie ld e d  (10) (420mg, 79%) as l i g h t  yellow  n eed les  (from
methanol) m .p . 185-186; (Found: 0,44*81; H ,3 .14j 1 , 32. 0 1 . C ^ H ^ O ^ I
req u ire s : 0 ,4 5 .0 0 ;  H ,3 .2 5 ; 1,31.75% ); n .m .r .  s ig n a ls  a t  8 1 .5 0  (6 H ,s ) ,
\ KBr
2.75 ( 2 H ,s ) , 4 .0 5  (3 H ,s ) ,  6.21 and 7 .83 (each  1H ,d,J « 9 .5 H zJ  ; ^ m a x  
1760. 1695, 1615, 1575, 1390 and 1220cm’ 1; mass s p e c tr a l  peaks a t  m/e
-400 (51% M+) ,  386 ( 95) ,  371 ( 100) ,  344 ( 40), 331 (27), 330 ( 26) ,  321 (33) 
and 302 (27 ).
Reduction of (10)
To a s t ir r e d  s o lu t io n  o f (10) ( 100mg) in  isopropanol/CH 1  ^ (4
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25ml) was added NaBH^ (7.5m g) and th e  m ixture s t i r r e d  a t  r . t .  fo r
24hr. The s o lu t i o n  was th e n  d i lu te d  w ith  w ater (50ml) and e x tra c te d
with e th y l  a c e t a t e .  The combined organ ic  la y e rs  were washed w ith
d ilu te  HC1, b r in e  to  n e u t r a l i t y ,  d r ie d  over Na2S0^  and evapora ted  to
dryness. The r e s u l t a n t  s o l i d  on c r y s t a l l i s a t i o n  from EtO A ^-Petrol
gave (11) a s  w h ite  n e e d le s  (75mg, 74%) m.p. 154-158°; n .m .r .  s ig n a ls
a t 61.41 (3 H ,s ) ,  1 .46  (3 H ,s ) ,  2 .10  (2 H ,d ,J  = 6H z), 3-98 (3 H ,s ) , 5 .03
( lH ,t ,J  = 6Hz) and 6 .2 0  and 7.91 (each  1H ,d,J =9 <5Hz) K^ r  3500,max
174-0 , 1610, 1590, 1140 and 830 cm ; mass s p e c tr a l  peaks a t  n /e  
402 (11? M+) ,  400 ( 5 9 ) , 385 ( 2 9 ), 384 (1 8 ) , 374 ( 7 6 ), 344 (100) and 
316 (5 2 ) .
D e h y d ra tio n ^  o f  (1 1 )
To a s t i r r e d  s o lu t io n  o f ( 11) (l20mg) in  to lu en e  ( 20ml) was added
potassium  h y d rogen  s u lp h a te  ( 650mg) and th e  m ixture re f lu x e d  fo r  7h r .
The s o lid s  w ere th e n  f i l t e r e d  o f f ,  the  to lu en e  removed in  vacuum and th e  
re s u lta n t  y e llo w  o i l  p u r i f i e d  by p rep , t . l . c .  (E tO A c/Petrol 1:2) to  
y ie ld  (12) (54mg,50%) a s  c o lo u r le s s  n eed les  (from  Et^O) m.p. 135-137. 
(Found: C, 4 6 .9 1 ;  H, 4 .2 1 ;  I  3 2 .7 6 . re q u ire s  C, 4 6 .63 ; H,
4.15; I ,  3 2 .9 0 ) ;  n .m .r .  s ig n a ls  a t  61*45 (6 H ,s ) , 3.83 (3 H ,s ) , 5.65 
( 1H,d, J = 10Hz), 6 .2 3  ( lH ,d ,J  = 9 .5H z), 6 .57  ( lH ,d ,J  = 10Hz) and 7.95
(lH ,d, J  = <^5Hz); 7 ) ^  2900, 1735, 1625, 1615, 1580, 1555 and 1230 cm ;
mass s p e c t r a l  p eaks a t  n /e  384 (39% M ) ,  369 (100) and 354 (1 8 ) .
Formation1  ^ of the tosvlhvdrazone ( T9)
To a s t ir r e d  s o lu t io n  o f  (10) (200mg) in  dry THF (15ulL) was added
85.
NiyiHTs15 (lOOmg) and 2 d rops o f  oonc. HC1 and the  m ixture re f lu x e d
for 2 .5 h r . A f te r  c o o l in g  d ry  benzene (50ml) was added and th e  so lu tio n
placed in a Dean and S ta r k  a p p a ra tu s  and re  f lu x in g  continued until a ll
the H2O had been removed. Evaporation of the solvent gave the crude
tosylhydrazone (19) ( 280m g,82$) as a yellow  s o l id .  This compound was
used w ith o u t f u r t h e r  p u r i f i c a t i o n .  n .m .r .  s ig n a ls  a t 8 1.03 ( 6H ,s ) , 2 .06
(3H,s), 2 .70  ( 2 H ,s ) ,  3 ,7 3  (3 H ,s ) ,  6 .23 ( lH ,d ,J  =9 .5H z.), 6.91 (2 H ,d ,J  «
8Hz), 7 .80  (2 H ,d ,J  = 8Hz) and 7 .9 4  ( lH ,d ,J  = 9 .5H z); O ^  3120, 174.0,max
1625, 1610, 1575, 1320, 1300, 1280 and 1130cm mass s p e c tr a l  peaks 
at u /e  604- (1 5%M+ ) ,  450 ( 68) ,  386 (1 0 0 ), 371 (91) ,  340 ( 26) and 330 ( 13) .
Attempted fo rm a tio n  o f  chromene (12) from (19)
To a s t i r r e d  s o lu t io n  o f  ( 19) (lOOmg) in  dry  e th e r  (2oml) under 
argon a t  r . t .  was added 0 .6m l (0 .28eq ) o f n -b u ty llith iu m  (1.58M so lu tio n  
in  hexane) and s t i r r i n g  c o n tin u e d  fo r  3*5hr. when t . l . c .  in d ic a te d  no 
remaining s t a r t i n g  m a te r ia l .  W ater (10ml) was then  added, th e  la y e rs  
separated  and th e  aqueous la y e r  e x tra c te d  w ith  Et^Q (x4) • ^he 
combined o rg a n ic  l a y e r s  were d r ie d  over ^ a2 ^ 4  an<^  evaporated  to  y ie ld  
a l ig h t  y e llo w  o i l  (76m g), which TLC showed to  be a complex m ixture 
from which ( 12) c o u ld  n o t be i s o la te d .
Preparation o f the tetrahydropvranvl ether of 3-hydroxy-3 methylbut -  
Iryne (22.)
3-H ydroxy-3-m e th y lb u t-  1-yne (8 .4g ) d ihydropyran (l6 g ) were
mixed and a few c r y s t a l s  o f p _ to lu en esu lp h o n ic  a c id  added. The 
so lu tio n  was s t i r r e d  f o r  0 .5 h r ,  when ^ 2 ^ 3  (200m£ > were added an 
s t i r r in g  c o n tin u e d  f o r  a f u r th e r  0 .5 h r .  D i s t i l l a t i o n  of th e
86.
f i l t e r e d  s o lu t io n  gave th e  re q u ir e d  te tra h y d ro p y ra n y l e th e r  (22)
( 1 5 .2g, 9 0 $ ), b .p .  60-65 /8mm ( l i t p .  65 .5  /8mm); n .m .r .  s ig n a l s  
a t  & 1 .50 ( 3 H , s ) ,  1 .57  (3 H ,s ) ,  1 .70 (6H ,bm ), 2 .43  ( 1 H , s ) ,  3 .8 0  (2H,bm) 
and 5 .1 3  ( l H ,b s ) .
P r e p a r a t io n  o f  th e  cuprous a c e ty l id e  (2 1 )
Sodium s u lp h i te  (7 .5 g )  in  w ate r (25ml) was added to  a  s o lu t io n  
o f  c u p r ic  c h lo r id e  (5g) i n  w a te r (5 elL). The r e s u l t a n t  w h ite  p re ­
c i p i t a t e  was washed w ith  w a te r (3x20ml) a f t e r  d e c a n tin g  th e  su p e r­
n a ta n t  l i q u i d .  The fo llo w in g  o p e ra tio n s  were c a r r i e d  o u t u n d er an 
a rgon  a tm osphere . S u f f i c i e n t  s a tu r a te d  aqueous ammonium c h lo r id e  
was added to  d is s o lv e  th e  w h ite  p r e c i p i t a t e  o b ta in e d  above and 
sodium a c e ta te  (~2g) was added to  make th e  s o lu t io n  s l i g h t l y  a l k a l in e .  
To t h i s  s o lu t io n  was added 3 -h y d ro x y -3 -m eth y lb u t-1 -y n e  t e t r a -  
h y d ro p y ran y l e th e r  ( l .3 g )  in  e th a n o l (30m l). A d d itio n  o f w a te r  to  
th e  r e s u l t a n t  b r ig h t  y e llo w  s o lu t io n  p r e c i p i t a t e d  th e  cuprous 
a c e ty l id e  (21 ) a s  a b r ig h t  y e llow  s o l id .  T his p r e c i p i t a t e  was 
f i l t e r e d  on a  s in te r e d  g la s s  fu n n e l,  washed w ith  w a te r , e th a n o l and 
e th e r  and d r ie d  in  vacuum.
A ttem pted  c o u p lin g  o f th e  chromanone (10) and ( 2 l )
A s o lu t io n  o f  (10) (250mg) and (21) (l50mg) was r e f lu x e d  in  d ry  
p y r id in e  (20m l) under argon f o r  2 0h r. Work-up I I  gave a  brown o i l  
(200mg) which t . l . c .  showed to  be a  complex m ix tu re . P re p , t . l . c .  
(E to A C /P e tro l 1 :1) y ie ld e d  on ly  th e  fo llo w in g  id e n tif5 a b le  m a te r ia ls ;
i) th e  d e - io d in a te d  p ro d u c t (17) (51mg,31%) i d e n t i f i e d  by
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com parison  w ith  an a u th e n t ic  sample ( t . l . c . , n .m . r ^ m .p . )  and
i i )  th e  fu ra n  ( 26) ,  (llm g ) a s  a  y e llo w  o i l ,  n .m .r .  s ig n a l  a t  
£ 1 .4 9  (6 H ,s ) , 1 .56 (6H ,bm ), 1 .67 (3 H ,s ) ,  1 .75 (3 H ,s ) ,  2 .8 7  (2 H ,s ) ,  
3 .6 7  (2H ,bm ), 4*71 (lH ,b m ), 6 .21 and 7 .91 (eac h  1 H ,d ,J  = 9.5Hz) and 
7 .3 4  ( 1H,s) .
A ttem pted  c o u p lin g  o f th e  chrom anol (11) w ith  (21)
A s o lu t io n  o f  (11) (250mg) and (21) ( l60mg) was r e f lu x e d  in  d ry  
p y r id in e  (20m l) u nder a rgon  f o r  2 0 h r. Work-up I I  gave a brown o i l  
(290mg) which t . l . c .  showed to  be a complex m ix tu re . P re p , t . l . c .  
(E tO A c /P e tro l 1fl) f a c i l i t a t e d  th e  i s o l a t i o n  o f  on ly  one i d e n t i f i a b l e  
p ro d u c t, th e  d e - io d in a te d  p ro d u c t (28) (25mg, 14$ ) ;  n .m r. s ig n a l s  a t  
£ 1 .4 7  (3 H ,s ) ,  1 .50 (3 H ,s ) ,  2 .1 0 . (2 H ,d ,J , = 6Hz), 4-01 (3 H ,s ) ,  5 .03  
( 1 H ,t ,J  -  6H z), 6.21 and 7 .91 (each  lH ,d ,J  = 9.5Hz) and 6 .5 0  (1 H ,s ) .
A ttem pted  c o u p lin g  o f  (12) w ith  (2 1 )
i )  (12) (200mg) and (21) (lOOmg) were re f lu x e d  in  d ry  p y r id in e  
(15m l) u n d er argon  f o r  2 0 b r. Work-up I I  gave a  brown o i l  (l70mg) 
w hich t . l . c .  showed to  be a complex m ix tu re  from  which no u s e f u l  
in fo rm a tio n  c o u ld  be o b ta in e d .
i i )  A s t i r r e d  s o lu t io n  o f (12) ( 100mg), 3-h y d ro x y -3 -m e th y lb u t-
19 201-yne ( 2 3 ) (50m g), (P h^P )2PdC l2 ( 5mg) and cuprous io d id e  (5mg) i n
d ry  d ie th y la m in e  (25 ml) was k e p t under argon  f o r  2 4 h r. a t  r . t .  Most
o f  th e  s o lv e n t  was then  removed under reduced  p re s s u re  and th e
r e s id u e s  d i l u te d  w ith  w a te r , c a r e f u l ly  a c i d i f i e d ,  e x t r a c te d  w ith
EtOAc, th e  combined o rg an ic  la y e r s  were washed t o  n e u t r a l i t y  w ith
88.
b r in e ,  d r ie d  ov er Na^SO^ an^ ev ap o ra ted  to  y i e l d  a y e llo w  o i l  ( 100mg) 
w hich on p u r i f i c a t i o n  by p re p , t . l . c .  (E tO A c/P e tro l 1 :1) gave
i )  th e  d e - io d in a te d  compound (29) (25mg,32$) m .p. 113-115° ( l i t ^  
115-116 ) ;  n .m .r .  s ig n a ls  a t  £ 1 .4 5  (6 H ,s ) ,  3 .91 (3 H ,s ) , 5 .6 7  and 6 .5 S  
(e a c h  lH ,d ,J  = 10 H z), 6 .2 3  and 8 .00  ( lH ,d ,J  = 9.5Hz) and 6*49 ( lH ,s )  
and
i i )  th e  d im e rise d  a c e ty le n e  (30) (31m g,62$) i d e n t i f i e d  by 
com parison  w ith  a u th e n t ic  sample ( t . l . c . ; m .p. and n .m . r . ) .
C oup ling  o f  (31) w ith  ( 2 l )
A s o lu t io n  o f  ( 31) ( 100mg) and (21) (50mg) w ere r e f lu x e d  i n  d ry  
p y r id in e  (20m l) under argon f o r  l8 h r .  Work-up I I  gave a brown o i l  
( 105mg) w hich on p u r i f i c a t i o n  by p re p , t . l . c .  (E tO A c/P e tro l 2 :3 ) 
y ie ld e d  ( 32) (l4m g,15$) as  c o lo u r le s s  n e e d le s  ( e th e r /p e t r o l )  m .p. 
124-126 ; n .m .r .  s ig n a ls  a t  5 1 .66 (3 H ,s ) ,  1 .70  (3 H ,s ) ,  1 .75 (6Hbm), 
180 (3 H ,s ) ,  1.85 (3 H ,s ) ,  3 .73  (2H,bm), 4 .01  (3 H ,s ) ,  4 -70  ( 2H ,b d ,J  = 
6 .5 H z), 5 .3 7  ( lH ,b s ) ,  5 .54  ( 3H ,b t ,J  = 6 .5H z), 6 .16 and 8 .06 (each  
1 H ,d ,J  = 9 . 5Hz) and 6 .4 0  ( lH ,s ) ,  mass spectrum  shows m o lecu la r io n  
M+ a t  W  e 428 .
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P a r t  3
S y n th e t ic  A pproaches to  th e  Coumarins V a g in id io l  and V ag in o l
or
( 2 )
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In  1971 th e  d io l  ( 1) ,  named v a g in id io l ,  was i s o l a t e d  from  
S e lin iu m  v a g in a tiu m . j u s t  one y e a r  a f t e r  i t  was p rop o sed  as an 
in te rm e d ia te  in  th e  b io s y n th e s is  o f a n g u la r  fu ranocoum arin s 
( v id e  su p ra ) . I t  was a s s ig n e d  th e  c i s  s te re o c h e m is try ,  as  shown, 
on th e  b a s i s  o f  th e  m agnitude o f th e  c o u p lin g  c o n s ta n t  (6Hz) 
betw een th e  two d ih y d ro fu ra n  r in g  p ro to n s . T h is  ass ig n m en t was 
o n ly  p o s s ib le j a s  a d ia s te re o is o m e r , v a g in o l ( 2 ) ,  w hich e x h ib i te d
a  3«5Hz c o u p lin g  c o n s ta n t ,  had been p re v io u s ly  i s o l a t e d  from  th e
3 Asame p la n t  so u rce  . B o thner-by  had p re v io u s ly  shown t h a t  in
five-m em bered  r in g ^ ,  J  . > J  th u s  a  c i s  and t r a n s  s te r e o -c i s  x t  an s , —— _______
c h e m is try  co u ld  be a s s ig n e d  to  v a g in id io l  ( 1) and v a g in o l ( 2) 
r e s p e c t iv e l y .  T h is i s  in  agreem ent w ith  th e  v a lu e s  p r e d ic te d
o o
by th e  K arp lus cu rv e , assum ing d ih e d ra l  an g le s  o f 0 and 120 
betw een th e  c i s  and t r a n s  p ro to n s  r e s p e c t iv e ly ,  T h en  th e  ex p ec ted  
v a lu e s  f o r  th e  co u p lin g  c o n s ta n t  a re  7Hz ( c is ) a n d  ( t r a n s )
The a b s o lu te  s te re o c h e m is try  o f v a g in id io l  ( l )  was shown to  be 
2' ( s ) ,  3 ' 0 0 ,  by c o r r e l a t i o n ,  th rough  h y d ro g e n o ly s is , w ith  o p t i c a l l y  
a c t iv e  c o lu m b ia n e tin  ( 3 ) .  The a b s o lu te  s te re o c h e m is try  o f  
v a g in o l ( 2) i s  n o t known. At p r e s e n t ,  i t  i s  -unclear w hether e i t h e r ,  
o r b o th , o f th e s e  d io l s  a re  in v o lv ed  in  fu ranocoum arin  b io ­
s y n th e s is .  Thus, a s y n th e s is  o f  th e se  d io l s  would be o f  g r e a t  
V alue, in  t h a t  l a b e l l i n g  experim en ts cou ld  th e n  be c a r r i e d  o u t 
in  o rd e r  t h a t  t h i s  problem  be re s o lv e d .
A number o f approaches to  th e  s y n th e s is  o f v a g in id io l  ( 1) 
and v a g in o l ( 2) have been p re v io u s ly  in v e s t ig a te d  in  t h i s  d e p a r t -
Scheme 1
H'
(8)
- <
H'
H
(3)
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5m ent. The f i r s t  in v o lv e d  a b iom im etic  ty p e  s y n th e s is  , i n  t h a t  
b e n z y lic  h y d ro x y la tio n  o f  col-um bianetin  (3 ) was a t te m p te d , A 
s y n th e s is  o f  co lu m b ia n e tin  was r e a d i ly  ach iev ed  as i l l u s t r a t e d  in  
Scheme 1. U m b ellife ro n e  (4 ) was t r e a te d  w ith  3 -c h lo ro -3 -  
m e th y lb u t-1 -y n e ^ , in  r e f lu x in g  2% aqueous a c e to n e  in  th e  p re se n c e  
o f  p o ta ss iu m  c a rb o n a te  and a c a t a l y t i c  amount o f  p o ta ss iu m  io d id e .  
T h is  f a c i l i t a t e d  th e  p re p a ra t io n  o f  th e  d e s ir e d  p ro p a rg y l e th e r  
( 5) in  1 0 %  y i e l d .  S em i-hyd rogenation  over 5 %  p a llad iu m  on barium  
s u lp h a te  w ith  a  c a r e f u l ly  c o n t ro l le d  amount o f  s u lp h u r -q u in o l in e  
p o iso n  y ie ld e d  7 -0 - (  1 , 1 -d im e th y la lly l)u m b e llife ro n e (6 )  a lm o st
o
q u a n t i t i v e ly .  P y ro ly s is  o f  t h i s  e th e r  a t  130 fo r  1 hou r gave a  
th r e e  component m ix tu re . The two m ajor p ro d u c ts  were o s th e n o l ( 7) 
and 7 -d e m e th y lsu b e ro s in  (8) in  th e  r a t i o  o f 5:1* th e  t h i r d  com­
pound b e in g  u m b e llife ro n e  (4 ) which was form ed in  on ly  t r a c e  
am ounts. S e p a ra t io n  o f  t h i s  m ix tu re  was ach ieved  by p re p , t . l . c .
O sth en o l ( 7)* on r e a c t io n  w ith  m e ta -ch lo ro p e rb en zo ic  a c id  
gave o n ly  c o lu m b ian e tin  (3) • The opening o f  th e  presum ed epoxide 
in te rm e d ia te  a t  th e  l e s s  s u b s t i tu te d  carbon  was a n t ic ip a te d ,  under 
th e  e f f e c t i v e l y  n e u t r a l  c o n d itio n s  em ployed. The p roposed  
b e n z y lic  o x id a tio n  o f  co lu m b ian e tin  ( 3) was th e n  a tte m p te d , 
em ploying a  v a r i e ty  o f  o x id is in g  a g e n ts , each  o f  which was known 
to  f a c i l i t a t e  b e n z y lic  o x id a tio n . However, no u s e f u l  o x id a tio n  
c o u ld  be a c h ie v e d . B enzy lic  b ro m in a tio n  p roved s im i la r ly  
u n s u c c e s s fu l .
Scheme 2
B
s
H
OH
O h
h
N
Scheme 3
R=H, R'=D 
R = D, R = H
OOH
(13) R *  = D
(14) r " =h
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I t  was now c l e a r  t h a t  any s u c c e s s fu l  r o u te  to  v a g in id io l  ( l )
and v a g in o l (2) would r e q u ir e  t h a t  th e  b e n z y lic  p o s i t io n  be
f u n c t io n a l i s e d  p r io r  to  c y c l i s a t i o n .  Two such approaches have
7
been  in v e s t ig a t e d  in  t h i s  departm en t . The f i r s t  r e q u ir e d  th e
a l l y l i c  a lc o h o ls  (9) and (10) as i l l u s t r a t e d  in  Scheme 2 . The
t r a n s  a l l y l i c  a lc o h o l (9 ) was r e a d i ly  s y n th e s is e d  from o s th e n o l
(7) . The dye s e n s i t i s e d  p h o to -o x y g en a tio n  o f  o l e f i n s ^ * w h i c h
le a d s  to  a l l y l i c  h y d ro p ero x id es  (Scheme 3) i s  a  co n v en ien t method
f o r  th e  in t r o d u c t io n  o f  oxygen a t  a s p e c i f ic  s i t e  in  a m o lecu le .
9
N ick on and B a g li have shown t h a t  p h o to -o x y g en a tio n  o f 
c h o le s t e r o l s  l a b e l l e d  a t  th e  7«. and 7p p o s i t io n s ,  (11) and (1 2 ) , 
l e d  e x c lu s iv e ly  to  th e  fo rm atio n  o f  th e  5o< h y d ro p e ro x id e s , ( 13) 
and (14) r e s p e c t iv e ly .  Thus, th e y  deduced t h a t  hydrogen 
a b s t r a c t io n  a t  C-7 o ccu rred  on th e  same s id e  o f  th e  m o lecu le  as 
t h a t  on w hich th e  new carbon-oxygen bond was form ed. C onsequent­
l y ,  th e y  p o s tu la te d  a c i s  c y c l ic  "en e -ty p e"  mechanism (Scheme 4 ) >  
i n  w hich th e  m ost fa v o u ra b le  o r ie n ta t io n  f o r  r e a c t io n  had an 
a l l y l i c  hydrogen atom p e rp e n d ic u la r  to  th e  o l e f i n i c  p la n e .
I t  i s  known t h a t  hydrogen a b s t r a c t io n  d u rin g  pho to ­
o x y g en a tio n  o f  an a ro m a tic  3 , 3 -d im e th y la l ly l  group ( 14) o ccu rs
8 9a t  th e  doub ly  a c t iv i a t e d  b e n z y lic  p o s i t io n  . N ickon and B a g li
have shown t h a t  th e re  a re  two d i s t i n c t  con fo rm atio n s o f th e
3 , 3 -d im e th y la l ly l  group in  ( 14) t h a t  co u ld  r e a c t  w ith  s in g l e t
oxygen, i . e .  ( 15) and (1 6 ) , which p o sse ss  an a l l y l i c  hydrogen
atom p e rp e n d ic u la r  to  th e  o le f in ic  p la n e . As shown in
Scheme L
H
(14)
Scheme 5
(1 5)
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Scheme 5 , r e a c t io n  o f  (15) w ith  s in g le t  oxygen would le a d  
s t e r e o s p e d i f i c a l l y  to  th e  c i3  a l l y l i c  hyd rop ero x id e  (17)> 
w hereas (16) would y i e l d  th e  t r a n s  h y d ro p ero x id e  (1 8 ) .  As a  
r e s u l t  o f  s t e r i c  i n t e r a c t io n s ,  co n fo rm ation  (16) sh o u ld  be 
g r e a t ly  fav o u red  over (15) and on t h i s  b a s is  M urray and F o rb es^  
p r e d ic te d  t h a t  dye s e n s i t i s e d  p h o to -o x y g en a tio n  o f  o s th e n o l ( 7 ) 
sh o u ld  y i e l d  s t e r e o s e l e c t i v e ly  th e  t r a n s  a l l y l i c  h y d ro p ero x id e  
(1 9 ) .
They, in d e ed , showed t h i s  to  be th e  c a s e , as tr e a tm e n t o f  
o s th e n o l a c e ta te  (20) ( f o r  some re a so n  o s th e n o l ( 7) would n o t  
r e a c t )  in  p y r id in e ,  w ith  oxygen and haem otoporphyrin  as 
s e n s i t i s e r ,  fo llo w ed  by re d u c tio n  w ith  sodium io d id e /a c e t i c  a c id  
y ie ld e d  th e  t r a n s  a l l y l i c  a lc o h o l (21) in  50$ y i e l d .  The n .m .r .  
s ig n a l s  o f  th e  two o le f in ic  p ro to n s  on th e  3 -h y d ro x y -3 -m eth y lb u t- 
1 -e n y l s id e  ch a in  in  (21) were a c c id e n ta l ly  e q u iv a le n t ,  b u t were 
s e p a ra te d  by th e  a d d i t io n  o f  sm all amounts o f  E u (fo d )^ , w hich 
e n ab led  th e  t r a n s  c o u p lin g  c o n s ta n t o f 17Hz to  be d e te rm in e d . 
E p o x id a tio n  o f (21) p roceeded  c le a n ly  to  g iv e  (22) w hich on m ild  
b a s ic  h y d ro ly s is  produced  a complex m ix tu re  which d id  n o t c o n ta in  
th e  d e s i r e d  p ro d u c t ( 2) .  T reatm ent o f  th e  pheno l ( 9 ) w ith  
p e ra c id  y ie ld e d  a s im i la r  complex m ix tu re .
The key compound in  th e  second approach  (Scheme 6) o f M urray 
and F o rb es  was th e  a l l y l i c  a lc o h o l (2 3 ) . The c y c l i s a t i o n  p roposed  
h e re  was a d i r e c t  ana logy  to  th e  o x id a tiv e  c y c l i s a t i o n  o f 
o s th e n o l ( 7 ) which g iv e s  r i s e  to  co lu m b ian e tin  ( 3) (Scheme 1 ) .
(7) R=H 
(20) R = -fCOCH
(19)
(9) R = H 
(21) R-K)OCH3
HCOCO 
3 (22 )
^ O H
Scheme 6
OH
Scheme 7
ST^'=Ca (31)
OTHP
CH.H CH.
(4) I I  .<32)
HP
(30)
in
J ^ O  I
c h
Scheme 8
= — R
OH
— R
R
VHOSiPPh^
O
\
O -N M O S iP P h^ \ r R
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W ith t h i s  approach , how ever, a  m ix tu re  o f v a g in id io l  ( l )  and
v a g in o l  ( 2) sho u ld  be p roduced , th e  r a t i o  depending upon th e
s te re o c h e m is try  o f  e p o x id a tio n . I t  i s  known t h a t  th e  h y d ro x y l
group in  a l l y l i c  a lc o h o ls  o f ty p e  ( 26) has a d i r e c t in g  e f f e c t  on
10th e  s te re o c h e m is try  o f  e p o x id a tio n  . Such a l l y l i c  a lc o h o ls ,  
w ith  p e r a c id ,  form th e  th re o  epoxide ( 27) p r e f e r e n t i a l l y .  
C onseq u en tly  e p o x id a tio n  o f (23) shou ld  le a d  to  a  s te r e o ­
s e l e c t iv e  fo rm a tio n  o f  th e  epoxy phenol ( 25) and hence a  p re ­
dominance o f  v a g in o l ( 2) .
M urray and F orbes a ttem p ted  a number o f  u n s u c c e s s fu l ro u te s
to  th e  key a l l y l i c  a lc o h o l ( 23) .  D ire c t  o x id a tio n  o f  o s th e n o l
a c e ta t e  ( 20) th e y  found , y ie ld e d  on ly  th e  aldehyde ( 28) ,  w h i ls t
p h o to -o x y g e n a tio n  o f  s p e c ie s  o f  type ( 29) p roved  to  be im p o ss ib le .
A nother approach , th e y  co n s id e re d , was th e  re d u c t io n  o f  th e  enone
(34) w hich was r e a d i ly  s y n th e s is e d  as  in  Scheme 7 . T h is
i s o m e r is a t io n  of<*. - a c e ty le n ic  a lc o h o ls  to  th e  c o rre sp o n d in g
} p -u n s a tu r a te d  k e to n es  has been  known f o r  many y e a rs  ( th e  M eyer- 
11S c h u s te r  r e a c t io n  ) .  T his r e a c t io n  was o r ig i n a l l y  accom plished  
by h e a t in g  th e  a lc o h o l in  th e  p resen ce  o f an a c id  c a t a l y s t ,
12r e c e n t ly ,  how ever, th e  use o f t r i s  ( t r ip h e n y ls i ly l ) v a n a d a te  in
r e f lu x in g  xy len e  a llo w s th e  tra n s fo rm a tio n  to  p ro ceed  u nder much
m ild e r  c o n d it io n s  (Scheme 8) .  However, d e s p i te  th e  u se  o f  a
13number o f re d u c in g  a g e n ts  known to  b r in g  ab o u t 1, 2- r e d u c t io n  
( e .g .  9-BBN, d i- iso b u ty la lu m in iu m  h y d rid e  e t c . ) ,  i t  p roved  
im p o ss ib le  to  s e le c t iv e ly  reduce th e  ke tone  ca rb o n y l to  y i e ld
(23) R = H 
(35) R =CH 3
(21) ( 36)
III (33) 
J - v p H
= Me ftc
Scheme Q
:= c—o )>C=rC— C<
H
' N'V-(OSiPPh3)2
O
>C— 0 = 0
^V-(OSiPPhJ9 
O  J
C—0=0 
OH +
OV(OSiPPh>3
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th e  a l l y l i c  a lc o h o l ( 3 5 ) .
I n  th e  fo llo w in g  d is c u s s io n  some new approaches to  th e  
a l l y l i c  a lc o h o l (23) and some r e l a t e d  s tu d ie s  w i l l  be d e s c r ib e d .
The a l l y l i c  a lc o h o ls  (21) and (36) were a v a i la b le  from  th e  
p h o to -o x y g e n a tio n  o f  o s th e n o l ( 7) and th e  sem i-h y d ro g en a tio n  o f  
th e  a c e ty le n ic  a lc o h o l (33) r e s p e c t iv e ly .  T h is  su g g e s te d  a 
p o s s ib le  ro u te  to  th e  t a r g e t  a l l y l i c  a lc o h o l (37) v i a  an a l l y l i c  
i s o m e r is a t io n  o f  one o r o th e r  o f  th e se  compounds. The u se  o f 
t r i s ( t r i p h e n y l s i l y l ) v a n a d a t e  as a c a t a ly s t  f o r  th e  is o m e r is a t io n  
o fsc -a c e ty le n ic  a lc o h o ls  has a lre a d y  been r e f e r r e d  t o .  F u r th e r  to  
t h i s ,  i t  was c o n s id e re d  t h a t  th e  is o m e r is a t io n  o f  an a l l y l i c  
a lc o h o l by a  s im i la r  mechanism (Scheme 9 ) ,  was a p o s s i b i l i t y  
w orth  e x p lo r in g . I n i t i a l l y ,  n e r o l id o l  ( 38) was used  as  a model 
system  to  t e s t  th e  f e a s i b i l i t y  o f  t h i s  h y p o th e s is . By r e f lu x in g  
n e r o l id o l  ( 38) in  to lu e n e  in  th e  p resen ce  o f  c a t a l y t i c  amount o f 
t r i s ( t r i p h e n y l s i l y l ) v a n a d a t e  fo r  3 h r. a l l y l i c  is o m e r is a t io n  d id  
in d e e d  r e s u l t .  Thi3 was r e a d i ly  de term ined  from th e  n .m .r .  
spectrum  o f th e  crude p ro d u c t. The c h a r a c t e r i s t i c  d o u b le t a t  
£ 4 . 14. o f  th e  m ethylene p ro to n s  * to  th e  hyd roxy l in  th e  iso m e rise d  
p ro d u c t (39) was c l e a r ly  seen . From th e  in t e g r a t i o n  o f  th e  
spectrum  i t  was c l e a r  t h a t  th e  e x te n t  o f co n v ers io n  was on ly  around 
25%, i . e .  th e  e q u i lib r iu m  l i e s  h e a v ily  on th e  s id e  o f s t a r t i n g  
m a te r ia l .  S im ila r  r e s u l t s  were observed  on r e p e a t in g  th e  r e a c t io n  
w ith  one e q u iv a le n t  o f  t r i s ( t r i p h e n y l s i l y l ) v a n a d a te ,  o r on
(38) (39)
' ^ O H
(40)
(41)
H
(36)
CHOC
( 21)
(7) R =H
(20)  R= tCOCH.
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in c r e a s in g  th e  r e a c t io n  tim e  to  24h r .  C h a b a rd e s^  e t  a l .  have 
in d e p e n d e n tly  p u b lish e d  s im i la r  r e s u l t s .  They have shown t h a t  
3 -h y d ro x y -3 -m e th y lb u t-  1-e n e  (40) when t r e a t e d  a t  150° w ith  
c a t a l y t i c  amounts o f t e t r a h y d r o l in a ly l  o rth o v an a d a te  f o r  7h r .  
y ie ld e d  an e q u ilib r iu m  m ix tu re  o f  (40 ) and(4 l)  i n  a r a t i o  o f  
3 s 1 . A number o f  analogous compounds r e a c te d  s im i la r ly .
The p o s s i b i l i t y  o f th e  d e s ire d  a l l y l i c  is o m e r is a t io n  
o c c u rr in g  by t h i s  te c h n iq u e  was th u s  e s ta b l is h e d ,  b u t f i r s t  th e
r e q u ir e d  d e m e th y la tio n  o f  th e  c i s  a l l y l i c  a lc o h o l ( 36) was
in v e s t ig a t e d .  The p r e f e r r e d  method f o r  d e m e th y la tio n  o f
coum arin  p h e n o lic  m ethyl e th e r s  t h a t  has been  u sed  in  t h i s
d ep artm en t i s  by tre a tm e n t w ith  boron t r i b r o m id e ^  a t  -78°
in  m ethy lene c h lo r id e .  R e a c tio n  o f ( 36) u n d er th e s e  c o n d it io n s
how ever, gave a m ix tu re  o f a t  l e a s t  s ix  p ro d u c ts .  A tte n tio n
was th u s  tu rn e d  to  th e  t r a n s  a l l y l i c .a l c o h o l  (2 1 ) .
O sth en o l a c e ta te  (20) was s y n th e s is e d  by a m o d ified , and
im proved ro u te  to  t h a t  p re v io u s ly  d e sc r ib e d  ( v id e  su p ra ) .
7 - 0 - ( 1 , 1 -d im e th y la lly l)u m b e ll if e ro n e  (6) was p re p a re d  as  b e fo re ^ .
P re v io u s ly ,  th e  C la is e n  rearran g em en t re q u ire d  to  p roduce
o s th e n o l ( 7 ) had been  ach iev ed  e i th e r  by p y ro ly s in g  th e  n e a t  either'
16o r i t s  N ,N -d ie th y la n i l in e  s o lu t io n  . Both th e se  m ethods p ro ­
duced 7 - de m ethyl sub e r  o s in  (8 ) in  around 10-15/5 y ie ld ,  as  a  by­
p ro d u c t, and a d i f f i c u l t  chrom atograph ic s e p a ra t io n  was re q u ire d ,
17i n  o rd e r  t h a t  o s th e n o l (7 ) co u ld  be i s o la te d  p u re . K ish i 
h as  r e c e n t ly  p u b lish e d  new c o n d itio n s  fo r  th e  C la is e n  r e a r ra n g e -
Ac Ac
Scheme 10
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ment o f  1 , 1 -d im e th y la l ly l  e th e r s .  These in v o lv e  re  f lu x in g  th e
e th e r  f o r  1 -2 h r. in  a c e t ic  anhydride  in  th e  p re sen ce  o f  sodium
a c e t a t e .  The f i r s t  form ed pheno l i s  th u s  tra p p e d  a s  i t s  a c e ta te
and f u r t h e r  u n d e s ire d  r e a c t io n s ,  such  as th e  abnormal. C la is e n
re a rra n g e m e n t, a r e  c o n seq u en tly  e l im in a te d . 7 -0 - (  1 , 1 -d im e th y l-
a l ly l ) u m b e l l i f e r o n e  (6 ) ( when t r e a te d  in  t h i s  manner p roduced
o s th e n o l a c e ta te  (20) con tam ina ted  w ith  on ly  ~  5% 7 -d em e th y l-
s u b e ro s in  a c e ta te  (42) ,  (e s t im a te d  from n .m .r . )  which co u ld  be
r e a d i ly  removed by f r a c t i o n a l  c r y s t a l l i s a t i o n .  The y i e ld  o f
p u re  o s th e n o l a c e ta te  from t h i s  r e a c t io n  was 85%. That
re a rra n g e m e n t to  th e  6 - p o s i t io n  i s  d is fa v o u re d , by t h i s
te c h n iq u e , w ith  r e s p e c t  to  th e  e a r l i e r  onest may be due to  a  number
o f  re a s o n s .  The r a t e  o f th e  C la is e n  rea rran g em en t i s  known to
18depend upon th e  p o l a r i t y  o f th e  s o lv e n t  . I t  may be t h a t  on
chan g in g  from  N ^ N -d ie th y la n ilin e  to  a c e t ic  anhydride  th e  r a t e  o f
rea rran g e m en t in to  th e  8 -p o s i t io n  i s  a l t e r e d  d i f f e r e n t i a l l y  to  t h a t
o f  rea rran g e m en t in to  th e  6- p o s i t io n .  A l te rn a t iv e ly ,  as  th e
19C la is e n  rea rran g em en t i s  known to  be a r e v e r s ib l e  p ro c e s s  . an 
e q u i l ib r iu m , as  i l l u s t r a t e d  in  Scheme 10, may be s e t  up d u rin g  
th e  p y r o ly s is  o f  7 - 0 - ( 1 , 1 -d im e th y la lly l)  u m b e llife ro n e  ( 6 ) .  I f  
th e  f i r s t  formed pheno l i s  o s th e n o l ( 7 ) ,  th e n  tr a p p in g  o f  (7) a s  
th e  a c e ta te  w i l l  e l im in a te  th e  r e t r o - C la is e n  rea rran g e m en t and 
th u s  d is fa v o u r  th e  fo rm a tio n  o f ( 8 ) .  P h o to -o x y g en a tio n  o f
o s th e n o l a c e ta te  (20) th e n  p roceeded  a s  b e fo re .
The a l l y l i c  a lc o h o l (21) was now re f lu x e d  w ith  one e q u iv a le n t
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o f  t r i  s( t r i p h e n y l s i l y l )  v an ad a te  in  x y len e  under an i n e r t  
a tm osphere  f o r  5 h r . i n  an a tte m p t to  b r in g  ab o u t th e  d e s i r e d  
a l l y l i c  i s o m e r is a t io n .  On work-up and p u r i f i c a t i o n  by 
chrom atography on ly  one p ro d u c t co u ld  be i s o l a t e d  and id e n t i f i e d ,  
t h a t  b e in g  th e  chrom ene, s e s e l i n  (43) in  27% y ie ld .  T h is  m ust 
a r i s e  by a  c y c l i s a t i o n  o f  th e  t  r  an s-  3- hv d ro x v -3 -m e th v lb u t-1 - ene 
s id e  c h a in  on to  th e  o r th o  oxygen, which may be a id e d  by th e  
fo rm a tio n  o f  th e  v an ad a te  e s t e r  o f ' t h e  a lc o h o lic  f u n c t io n ,  th u s  
p ro d u c in g  a  b e t t e r  le a v in g  group (Scheme 11 ). The c y c l i s a t i o n
o f  t h i s  m oiety  w ith  o r th o  p h e n o lic  hy d ro x y ls  i s  w e ll  known.
20S o r b i f o l in  (44) c y c l i s e s  slow ly  to  th e  dichrom ene (45) a t  r . t .  
and th e  a lc o h o lic  m ethyl e th e r  ( 46) r e a c t s  to  form (47) even in  
th e  d a rk .
21S a n t e l l  and V ia la  have r e c e n t ly  r e p o r te d  a method f o r  th e  
fo rm a tio n  o f p  -brom oepoxides from a l l y l i c  a lc o h o ls  (Scheme 12 ). 
T h is  fo rm a lly  b r in g s  ab o u t th e  d e s ire d  is o m e r is a t io n ,  f o r  r e a c t io n  
o f  th e  a l l y l i c  a lc o h o l (21) in  t h i s  manner would p roduce th e  
b e n z y lic  brom ide (48) ,  which on f u r th e r  e la b o ra t io n  co u ld  y i e l d  
v a g in id io l  ( 1) and v a g in o l ( 2) (Scheme 13) .  A s o lu t io n  o f  (21)
<5
i n  T H F/N a^C O  was t r e a t e d  w ith  brom ine a t  0  , which on w ork-up 
y ie ld e d  a  th r e e  component m ix tu re . C y c l is a t io n  to  produce 
s e s e l i n  ( 43) was ag a in  o bserved , though th e  m ajor p ro d u c ts  w ere 
s t a r t i n g  m a te r ia l  (21) and th e  co rresp o n d in g  phenol (2 2 ) .  No 
ev id en ce  co u ld  be o b ta in e d  f o r  th e  fo rm atio n  o f th e  d e s ir e d  
brom oepoxide (48 ) ,  o r o f  th e  co rresp o n d in g  d ih y d ro fu ra n  (4 9 ) .
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1 1  i s  c l e a r  from th e  above r e s u l t s  t h a t  c y c l i s a t i o n  o f  th e  
t r a n s -3 -h v d ro x y -3 -m e th v lb u t-  1 -en v l group to  th e  co rre sp o n d in g  
chromene i s  a  v e ry  f a c i l e  p ro c e ss  in  th e s e  sy stem s.
A nother p re c u rs o r  which c o n ta in s  th e  n e c e ss a ry  b e n z y lic  
f u n c t i o n a l i s a t i o n  and th e  p o t e n t i a l  f o r  c y c l i s a t i o n  to  th e  
e lu s iv e  d ih y d ro fu ra n  system s i s  th e  brom ohydrin (5 0 ) .  Scheme
14. r a t i o n a l i s e s  t h a t  th e  a d d i t io n  o f  HQBr a c ro s s  th e  t r a n s - 3 - 
h y d ro x y -3 -m e th y lb u t-1 - en y l s id e  c h a in  double bond sh o u ld  occur 
i n  th e  r e q u ir e d  mode to  produce s p e c ie s  o f  ty p e  (50) and n o t  in  
th e  o p p o s ite  manner, w hich would le a d  to  ( 51) . F e e d - in  o f  
e l e c t r o n s  from  th e  C-7 oxygen th ro u g h  th e  aro m atic  r in g  to  th e  
s id e  c h a in  double bond w i l l  c o n t ro l  th e  s i t e  o f  a t t a c k ,  i . e .  
a t  th e  2 ’ - p o s i t i o n .
A c o n v e n ie n t method f o r  th e  fo rm atio n  o f brom ohydrins from
22o l e f i n s ,  which h as  been re p o r te d  to  p ro ceed  q u ic k ly , c le a n ly
and in  h ig h  y i e ld  w ith  a number o f  s im ple o le f i n s ,  i s  by tre a tm e n t
w ith  N -brom osuccinim ide in  aqueous d im e th y lsu lp h o x id e . The
a c e ta te  (21) when s u b je c t  to  th e se  c o n d itio n s  p roved  r a th e r  un -
r e a c t iv e ,  th e  re c o v e ry  o f  s t a r t i n g  m a te r ia l  from t h i s  r e a c t io n
b e in g  in  th e  re g io n  o f 8 0 % .  However, a t  l e a s t  th r e e  o th e r
u n id e n t i f i e d  p ro d u c ts  were form ed in  v e ry  low y i e ld .  I t  i s
0
p'Or/jibls. t h a t  th e s e  a ro se  from a t ta c k  o f Br a t  th e  a ro m a tic
n u c le u s  o r th e  coum arin double bond. A d d itio n  o f  Br^ a c ro s s
9 3
th e  3-4  double bond o f th e  la c to n e  r in g  fo llo w ed  by e l im in a t io n  
o f  th e  e lem en ts  o f  HBr to  y ie ld  a 3-bromocoum arin i s  a  w e ll
(9) R = H
(21) r = « ; o c h 3
103.
.documented r e a c t io n .  A s im i la r  p ro c e ss  may be o p e ra t in g  h e re .
H y d ro ly s is  o f  th e  a c e ta te  (21) w ith  2$ w ./v .  aqueous sodium 
c a rb o n a te  i n  m ethanol gave th e  phen o l ( 9 ) ,  w hich, i t  was con­
s id e r e d ,  m ight be more r e a c t iv e  tow ard  brom ohydrin fo rm a tio n .
The p h en o l ( 9 ) ,  how ever, on tre a tm e n t w ith  N -brom osuccinam ide 
p roduced  a complex m ix tu re  from  w hich no i d e n t i f i a b l e  compounds 
c o u ld  be i s o l a t e d .  P resum ably , a t ta c k  o f  B i^  a t  th e  a ro m a tic  
r i n g  o r  coum arin double bond a r e  im p o rtan t p ro c e s se s  h e r e .
104.
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P-reparation o f o sth en o l a ce ta te  (20)
To a  s t i r r e d  s o lu t io n  o f 7 - 0 - ( 1 , 1 -d im e th y la lly l)  u m b e lli -
fe ro n e  (6 ) (3 g) i n  a c e t i c  anhydride  (30ml) was added anhydrous
sodium a c e ta t e  (5g ) and th e  m ix tu re  r e f lu x e d ,  under an i n e r t
a tm osphere , f o r  2 h r . On c o o lin g  th e  s o lu t io n  was poured  on t o
ic e  and s t i r r e d  f o r  a f u r th e r  2 h r . ,  th e n  e x t r a c te d  w ith  e th y l
a c e ta t e ,  washed th o ro u g h ly  w ith  s a t .  sodium b ic a rb o n a te  s o lu t io n ,
b r in e  to  n e u t r a l i t y ,  d r ie d ,  and e v ap o ra ted  to  y ie ld ,  on
c r y s t a l l i s a t i o n  from E tO A c/P etro l o s th e n o l a c e ta te  (2 0 ) ,  (3 .0 2 g ,
8 5 % )  as  c o lo u r le s s  n e e d le s  m .p. 94-95 ; (Found: 0 ,7 0 .5 6 ; H ,5 .8 5 ;
^16^16^4 recTQ^ r e s  ^ ,7 0 .5 7 ; H, 5*92$); n .m .r .  s ig n a ls  a t  S 1 .68
(3 H ,b s ) , 1 .82  (3 H ,b s ) . 2.35 (3 H ,s ) , 3 .4 9  (2H ,bd, J  = 7H z), 5 .15
( lH ,b t ,J = 7 H z ) , 6 .3 7  and 7 .6 3  (each  1H ,d,J=9.5H z) and 6 .9 8  and
7 .3 3  (e a c h  1 H ,d ,J= 9 H z ) ;^ CHC13 1764- 1735 and 1605 cm"1 ; massmax.
s p e c t r a l  peaks a t  m/e 272 (M+ ,11$) 230 ( 87) ,  215 ( 3 2 ) , 201 ( 18) ,  
187 (43) and 175 (1 0 0 ) .
P h o to -o x y g e n a tio n  o f  o s th e n o l a c e ta te  (20)
Oxygen was b u b b led , v i a  a g la s s  s i n t e r ,  upwards th ro u g h  a 
s o lu t io n  o f  o s th e n o l a c e ta te  (20) ( 500mg) in  p y r id in e  (70ml) 
c o n ta in in g  haem atoporphyrin  ( 20mg). T his s o lu t io n  was i r r a d i a t e d  
by a  60 w a tt  lam p, p o s i t io n e d  ap p ro x im ate ly  10cm. from th e  c e n tr e  
o f  th e  r e a c t io n  f l a s k , f o r  24hr. Most o f  th e  p y r id in e  was th e n  
e v a p o ra te d , and work-up I I  gave a brown o i l  (52omg). T h is  brown 
o i l  was th e n  d is s o lv e d  in  dry  e th a n o l (70ml) c o n ta in in g  g l a c i a l
106.
a c e t i c  a c id  ( 1 . 8ml) and sodium io d id e  (5 g ) .  A f te r  l 8h r . ,  th e
e th a n o l was e v a p o ra te d , th e  re s id u e  d is s o lv e d  in  e th y l  a c e ta t e ,
w ashed w ith  0 . 1M sodium th io s u lp h a te , b r in e  to  n e u t r a l i t y ,  d r ie d ,
and e v a p o ra te d  to  y i e l d  a dark  brown o i l  (470mg) w hich, a f t e r
p u r i f i c a t i o n  by p re p , t . l . c .  (C H C l^xl), fu rn is h e d  th e  a l l y l i c
a lc o h o l ( 21) ( 270mg, 5 2 % )  as a c o lo u r le s s  o i l ;  n .m .r .  s ig n a ls  a t
SI -A3 ( 6H ,s ) ,  2 .33  ( 3H ,s ) ,  2 .63 ( lH ,b s ) ,  6 .33  and 7 .7 0  (each
1 H ,d ,J= 9 .5 H z), 6 .7 3  (2H ,s) and 7 .0 3  and 7 .3 3  (eac h  1H ,d ,J= 9H z).
On a d d i t io n  o f  a  sm a ll amount o f  E u (fod )^  th e  s ig n a l  a t 5 6 .7 3
s e p a ra te d  in to  9 .15  and 9 .60  (eac h  1H,d, J=17Hz) ^ ^ 3  350O,max
174-0) 1600, 1114 and 970 cm ; mass s p e c t r a l  peaks a t  m / e  288 
(M+ , 4 « ,  246 ( 12) ,  231 (1 4 ) , 228 ( 20) ,  213 ( 100) and 149 ( 7 4 ) .
7 -H vdroxv-8-( t r a n s -3 -h v d ro x v -3 -m e th v lb u t-  1-e n v l)  coum arin (9 )
A s o lu t io n  o f  (21) (220mg) in  m ethanol ( 8ml) was s t i r r e d
w ith  2 %  w ./v .  aqueous scdiura c a rb o n a te  ( 2ml) f o r  0 . 25h r ,  a t  r . t .
The s o lu t io n  was th en  c a r e f u l ly  n e u t r a l i s e d  w ith  0 . 1M h y d ro c h lo r ic
a c id ,  d i l u te d  w ith  w a te r  and e x t ra c te d  w ith  e th y l  a c e ta t e .  The
com bined o rg an ic  la y e r s  were th e n  washed w ith  b r in e ,  d r ie d  and
e v a p o ra te d  to  g iv e  th e  phenol ( 9 ) ( l 70mg,90>) as n e e d le s  (from
E tO A c/P e tro l) m .p. 153.5-160 ; (Found: C ,6 8 .29 , H ,5 .6 9 .
r e q u i r e s  C ,6 7 .9 9 ; H ,5.81% ); n .m .r .  s ig n a ls  (d ^ -d im e th y lsu lp h o x id e )
a t  8 1 .3 2  ( 6H ,s ) ,  4 . 64* ( lK ,b s ) ,  6 .18  and 7 .9 0  (each  lH ,d ,J=
9 . 5H z), 6 .7 8  and 6 .9 6  (each  lH ,d ,J=16Hz ) , 6 .9 4  and 7 .35  (eac h
1H ,d ,J= 8Hz) and 10.91* ( 1 H ,s ) ; 3 CHC13 3600, 2980, 1735, 1620 and 
* max
107.
— 11610 cm” ; mass s p e c t r a l  peaks a t  m/e 246 (M+ , 0.13% ), 228 
( 24) ,  213 (100) and 185 (2 2 ) .
7-M ethoxv-8 - iodoc oum arin (30)
P o ta ss iu m  c a rb o n a te  (9*4g) was added to  a s o lu t io n  o f
7 -h y d ro x y -8 -io d o co u m arin  (6g) and m ethyl io d id e  (8g) in  ace to n e
(300m l) and th e  s o lu t io n  re f lu x e d  fo r  1 .5 h r .  Work-up I  gave
7-m ethoxy-8 -iodocoum arin  ( 30) ( 5 . 50g, 87%) as c o lo u r le s s  n e e d le s
(from  E tO A c/P e tro l) m .p . 153-154° ; (Found: 0 ,3 9 .5 3 , H ,2 .5 2 , 1 ,4 1 .6 ,
C10H7O3I  r e q u i r e s  0 ,3 9 .7 6 ; H ,2 ,3 4 ; 1,42.01% ) n .m .r .  s ig n a ls  a t
84*01 ( 3H ,s ) ,  6 .3 0  and 7 .6 3  (each  1H ,d ,J=9.5H z) and 6 .83  and
7 .4 S  (each  1H ,d ,J= 8Hz) : ^ CHGl3 1750, 1290, 1141 and 1081cm"1,max
EtOH> 213, 265 and 3 l 6nm ( lo g e  4 . 3, 4 .0 7  and 4 .2 4 ) ;  mass s p e c t r a lmax
peaks a t  m/e 3o2 .(M+ , 100%), 274 (51) and 259 ( 66) .
C oup ling  o f  (30) and (31)
A s o lu t io n  o f  ( 30) (5g) and (31) (4*26g) i n  p y r id in e  ( 120ml) 
was r e f lu x e d  under argon  fo r  18hr. Work-up I I  gave a  brown o i l  
( 7 . 2g) w hich, a f t e r  p u r i f i c a t i o n  by p re p , t . l . c .  (CHCl^ x 1) 
fu rn is h e d ;
i )  7-m ethoxyc oumar in  ( 0 . 57g , 21%) as  w h ite  n e e d le s  m .p. 116—
o 0 1  °118 ( l i t .  m .p. 118 ) .  T h is compound was i d e n t i c a l  to  an a u th e n t ic  
sam p le .
i i )  th e  a c e ty le n e  ( 32) (2.89g,51% ) as a ye llo w  s o l id  m .p . 
99-101 ; n .m .r .  s ig n a l s  a t  81 .65 (3 H ,s ) , 1 .70 ( 3H ,s ) ,  1 .74 ( 6H, 
bm), 3 .73  ( 2H,bm), 3 .97  (3 H ,s ) ,  5 .37  ( lH ,b s ) ,  6 .28  and 7 .51 (each
108.
1H ,d,J=9.5H z) and 6 .8 3  and 7.4-0 (eac h  1H ,d,J=8H z); ^  CCl4  1750.
7 7  7 max
1600, 1276 and 1114 cm ; mass s p e c t r a l  peaks a t  W e 342 (M+ ,
3%), 258 (45), 243 (91) and 201 (100).
7 -M ethoxy-8- ( 3 -h v d ro x v -3 -m e th v lb u t-1 -v n v l)  c oum arin ( 33)
A s o lu t io n  o f  th e  te tra h y d ro p y ra n y l e th e r  (32) (2 g) in
60% aqueous a c e t ic  a c id  ( 120ml) was s t i r r e d  a t  r . t .  f o r  2 h r.
The s o lu t io n  was th e n  d i lu te d  w ith  w a te r , and e x t r a c te d  w ith
e th y l  a c e t a t e .  The com bined o rg an ic  la y e r s  were washed w ith
5 %  sodium c a rb o n a te  s o lu t io n ,  b r in e ,  d r ie d  and e v ap o ra ted  to  g iv e
(33) a s  a y e llo w  s o l id  which on c r y s t a l l i s a t i o n  from  e th y l  a c e ta te
o
gave c o lo u r le s s  n e e d le s  ( l .2 0 g ,  86%) m .p. 100-102 ; (Found: G,
6 9 .7 2 ; H ,5 .3 9 ; r e q u i r e s  0 ,6 9 .7 6 ; H ,5.46% ); n .m .r .
s ig n a l s  a t  8 1.70 (6 H ,s ) , 4*00 (3 H ,s ) , 6 .27  and 7 .6 0  (each  1H,
d ,J= 9 .5H z) and 6 .83  and 7 .21  (each  1H,d, J=8H z); GHGl3 3610,ni2X
"I1735, 1604 and 1117 cm” ; mass s p e c t r a l  peaks a t  n /e  258 (M ,
43%), 243 ( 8 7 ) , 227 ( 29 ), 215 ( 26) and 201 (1 0 0 ).
7 -M ethoxy-8-( c i s  -3 -h y d ro x y -> m eth y lb u t-1 -en y l) c oumar in  ( 36)
A s o lu t io n  o f  (33) (200mg) in  e th y l  a c e ta te  (20ml) c o n ta in ­
in g  10% p a lla d iu m  on barium  s u lp h a te  c a t a ly s t  (l30mg) was 
s t i r r e d  u nder a  hydrogen atm osphere u n t i l  th e  up tak e  o f  hydrogen
was 1 m ole. The s o lu t io n  was th e n  f i l t e r e d  th ro u g h  c e l i t e  and 
ev a p o ra te d  to  d ry n e s s .  The r e s u l t a n t  y e llo w  s o l id  was p u r i f i e d  
by p re p , t . l . c .  (CHCl^ x 2) and c r y s t a l l i s e d  from e th e r  to  y i e ld
c*
(36) (I70m g, 83%) as c o lo u r le s s  n e e d le s  m .p. 118-120 ; (Found:
109.
C ,6 8 .9 5 ; H, 5 .9 5 ; r e q u i r e s  C, 6 9 . 21 ; H, 6 . 20$ ) ;  n .m .r .
s ig n a l s  a t  6 1 .2 2  ( 6H ,s ) ,  2 .00* ( lH ,s ) ,  3 .B6 ( 3H ,s ) ,  6 .0 0  ( 2H ,s ) ,  
6 .1 6  and 7 .5 6  (eac h  1H ,d ,J= 9 . 5Hz) and 6 .83  and 7 .3 7  (eac h  1H ,d, 
J_8H z ) ; ^ ^ r  3480, 1715, 1600, 1290 and 1095 cm mass s p e c t r a l
ZQcLX
peaks a t  m / e  260 (M+ , 33$) 245 ( 84) ,  217 (100) and 203 (7 4 ) .
12A l ly l i c  I s o m e r is a t io n  o f n e r o l id o l
i )  N e ro l id o l  ( 38) (5 g ) ,  t r i s ( t r i p h e n y l s i l y l ) v a n d a t e  (0 .5 8 g ) ,  
t r i p h e n y l s i l a n o l  ( l.l6 g ) and benzo ic  a c id  (90mg) were r e f lu x e d  in  
to lu e n e  (30m l) f o r  3 h r . w ith  s t i r r i n g .  On c o o lin g , th e  s o lv e n t  
was e v a p o ra te d , th e  re s id u e  tak en  up in  hexane, f i l t e r e d  and 
e v a p o ra te d  to  y i e ld  4»41g o f a  yellow  o i l .  N .m .r. c l e a r l y  showed 
th e  p re se n c e  o f  a  new d o u b le t a t  6 4*14*
i i )  i d e n t i c a l  r e s u l t s  were o b ta in e d  on r e p e a t in g  th e  r e a c t io n  
i n  th e  absence o f  t r i p h e n y l s i l a n o l  and b en zo ic  a c id .
A ttem pted  d e m e th y la tio n  o f (36 )
To a  s t i r r e d  s o lu t io n  o f  ( 36) (50mg) in  d ry  m ethylene c h lo r id e  
(15m l) a t  -7 8  was added boron tr ib ro m id e  ( 0 .2m l) and a f t e r  1h r.
o
th e  s o lu t io n  was a llow ed  to  warm to  -20  when i t  was poured  on to  
i c e  and e x t r a c te d  w ith  e th y l  a c e ta te .  The combined o rg an ic  l a y e r s  
were washed w ith  b r in e ,  d r ie d  and ev ap o ra ted  to  d ry n ess  to  fu rn is h  
a  brown s o l id  (41m g)• N .m .r. showed e x te n s iv e  decom position  had 
ta k e n  p la c e  and t . l . c .  in d ic a te d  t h a t  a t  l e a s t  s ix  compounds were 
p r e s e n t .
A ttem pted  rea rra n g e m e n t o f  th e  a l l v l i c  a lc o h o l (21 )
A s o lu t io n  o f  (21) (280mg) i n  xy len e  (10ml) c o n ta in in g  
t r i s ( t r i p h e n y l s i l y l ) v a n d a t e  (70mg) was s t i r r e d  a t  r e f lu x  f o r  
5h r .  On c o o lin g  th e  s o lu t io n  was f i l t e r e d  th ro u g h  c e l i t e  and
th e  x y le n e  removed u nder reduced  p re s s u re ,  f u rn is h in g  a  complex 
m ix tu re . P re p , t . l . c .  (CHCl^ x  1) f a c i l i t a t e d  th e  i s o l a t i o n  
o f  o n ly  one i d e n t i f i a b l e  compound, s e s e l i n  (43) (60m g,2 7 % ) ,  
i d e n t i f i e d  by com parison w ith  an a u th e n t ic  sample ( i . r . , n . m . r .  
and m .p . ) .
21A ttem pted  fo rm a tio n  o f th e  brom oepoxide (1 8 )
To a s t i r r e d  s o lu t io n  o f  (21) (90mg) in  THF ( 10ml) c o n ta in ­
in g  1 .5N sodium b ic a rb o n a te  s o lu t io n  (5ml) was added a t  0 , 
brom ine (tw o d rops) and th e  m ix tu re  s t i r r e d  a t  r . t .  f o r  I8 h r .
W ater (30m l) was th e n  added and th e  s o lu t io n  c a r e f u l ly  n e u t r a l i s e d  
and e x t r a c te d  w ith  e th y l  a c e ta t e .  The combined o rg an ic  la y e r s  
were washed w ith  b r in e ,  d r ie d  and ev ap o ra ted  to  y ie ld  a brown o i l  
(62mg) w hich t . l . c .  and n .m .r .  showed to  be a m ix tu re  o f s t a r t i n g  
m a te r ia l  (2 1 ) ,  th e  c o rre sp o n d in g  pheno l ( 9) and s e s e l in  (43)*
A ttem pted  fo rm atio n  o f  th e  brom ohvdrin o f (21 )
To a s t i r r e d  s o lu t io n  o f  N -brom osuccinim ide (50mg) in  
d im ethy lsu ljfiox ide (5m l) c o n ta in in g  w a te r(o .1 m l) was added 
d ropw ise v ia  a sy r in g e  (21) (70mg) in  d im e th y lsu lp h o x id e  (2 m l), 
under a rg o n , and s t i r r i n g  co n tin u ed  f o r  14hr. W ater ( 10ml) was 
th e n  added and th e  s o lu t io n  e x t r a c te d  w ith  e th y l  a c e ta te ,  d r ie d
111.
and e v a p o ra te d  to  y i e l d  a  brown o i l  (l26m g). P u r i f i c a t i o n  by 
p re p ,  t . l . c .  (E tO A c/P e tro l 3 : ^) f a c i l i t a t e d  th e  i s o l a t i o n  o f on ly  
s t a r t i n g  m a te r ia l  (21) (40mg, 80%).
A ttem pted  fo rm a tio n  o f  th e  brom ohvdrin o f (9)
To a  s t i r r e d  s o lu t io n  o f  N -brom osuccinim ide (25mg) in  
d im e th y lsu lp h o x id e  (5m l) c o n ta in in g  w a te r  ( 0 .1m l) was added 
d ro p w ise ; v i a  a  s y r in g e  (9) (40mg) in  d im e th y lsu lp h o x id e  ( 1m l), 
u n d er a rg o n , and c o n tin u e d  f o r  1 h r. W ater (15ml) was th e n  added 
and th e  s o lu t io n  e x t r a c te d  w ith  e th y l  a c e ta te ,  d r ie d  and ev a p o ra te d  
to  y i e l d  a brown o i l  (65m g). T . l . c .  showed t h i s  to  be a  complex 
m ix tu re  from  w hich no u s e f u l  compounds co u ld  be i s o l a t e d .
P a r t  3 
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